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«BUDHABITDUFUSMACUL7UREAinHOflrTY 

; 

~Sj l/* ^i^-^J J**^J u*J>*JI »ljt (jt *Jj>-** jJjt » ^jjjia» iiLllllj 4aLi..iII ^oy^ *i* 

3 : 



^ J-??u— 4j Lc.a-SLjI^* jl aJjj^Ji _jl ^j-aJ aJL -j t_jL w^liSCJi Ijl* <-^>- i_si jL^*i-l ji j £_f 

+j lyjpL>-jl_-lj oU jl*il Jaji>- 4j Lc.(j y--T jwJ SJL-j ^l jl aejji*^! jl 4_3-^i' ^-U- Jj^— -Jl j ^l jjs-jjjj-JI 

3 .^ui oii jj3 ^ 



1 

11 dJLU-b a^JI ab^j : JjVl J-^'l 

45 t/*^ ^ J j-^aJ-l : JliJl JyaaJl 

67 oJUill oUJrl :,iJliII J^aJl 

89 oLC JT ^ OL-Vl :^.l Jl J-mJI 

119 '..^-Ij^ J_^J-I ^U-I J^Jl 

141 Jl-JLl Jaj'1 yi- Jjaii r^oLJl J-^Jl 

167 ^L^>-Vl ^L ^ ol ^LL. :^)LJl J.„-?all 

197 ^JIj Jl £-LI ^LJl J^Jl 

209 4jj Jl ^LHJ^aiJl 

223 Ob^l : ^Ul J^JI 

243 a!5" IJLa ^jjt» ."^^ (^iU-l J-aJl 

279 HjJliU 

283 \s£&\ ^L<JI ^JLp V ,«T 

C i 293 aJUsI oWyj '^"^j 

I 315 ^ 

® 
L* 
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***** 



wLw> ■ij?^r >m SJl : l r,,*\ ^jj-*^ i_jL_\JI IJL* ^J-^-i J_J 
___i <^j_Jl ^jdJl (3L_J I.S,,.;- _i>_ail (_5^l -J" 1 -^ J-^' 
<ui £j_o csJ-l iJLJl jA £Jj_Jl j .jP-Cji 2j_»U«- _y i_J_Jl <LJ_f 

^^" ' tL_-l j j.a.U.Tj ' 4 L>J % -~ J . L>- *— JJl ^ dj^' <L_Jl i_J*>Js 

lJ_-j .1 ^ o ,fa;T j j»— Jt-I <UP jVl j" _^L_pVl _J _iyjL>_Jlj tL_pVl 
j»^Jj _Js ^ <uL5C_J s j>>- j$i t__J_Jl jllp Jj _^_~- ^Jl |»_J_>-J_. jA 
lj_J L*__- Jl>o" 01 dL_C_l V t JjVl aUjJI j-. .*L_»I I j*- ; ./»J 
^j-i-J o __•__-_• jllp Liti :tLk>V' __L>- s-ij-J 4_fi ^> 

. JL__-Vl ^jip J-_*j -jL>- jJ-j-o 
^j-jjJu ^ <L_J_p sJJLs <_ tL'L-1 LlLp <^J.I 0 jS" _l -L__il J-aJ 
j__ jL_J_VI ^-Jr -~-~J Jl J-^ 1 ^ > -V ?l_li . jL_J^I pj-J 
i_jL_pI i_j">U_JI j»J_-J SJL __J_> -a-ol j .<__ _/>-Vl oLil jJ~\ ^L__>J ___i 
.__/> JL_-I ^ <LjjL_J| i_jL-pVi p-tij jl ___-*• t _)L_J_.I ^ _j-l Jl 
_j__l jjJl J_Jj . JL_-Vl ^ 3-j-rj» j_Jl _i»l _-U Jl ii JJl -a__J_} 
_JJ_ tljj <__.-Jlj .L_jI ^LjJI J jL~ iJ>H J-~-__- 
_•__. <—_._.,.- L>__J j j5_ L s_Lp oLi ji>Jl sJL» ^L__>J jl j~ t J-' 

.j_jl _•_>_; L_-L_~>J 
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ja 2Lili)l 2__Jl <J» y /i JM>- i jL-iJl L_Jai!l ^j» J-*-^ C-:^ 

ĕjyA; I aSL_- J ij jjL>-l ^j*>Ljj C i^. .a .t-T^Tl jjj nJL-il ^_w-jjJj" 

^Js- Jujj L JJ _5L-*< i— JL>- ^ 2-_jLJl ^ L>-l ^jU- 5j j3 oJj-^>- 
iOLJ^I ^j.j^ ^j-ij^ <J?3j*3 '-»L^S" > J r l ^iJJi 01 .ii-i j jJL. 375 
IJia uiLijS"^ dJJi -^j .aJLpw. iLs i_J>Li5o-l Jl Jbli 

.siJLjb c^JJl (_-)L-£Ql 



oLLlsj c^tiiil ^ c^iJL; Jl>- ^S" ^L?- _^ S:>L*il 1 _j../aJl .^ajiT 
4,,kSll SyljJl JL_S ^ olj-b_ll _JLe- jj^«-_Jl jw5l tUi _Jl JLLi-l 
.Lbt Lt-i Jbrt V j tjjiJL <_jU>t j toLijty jja*- JL_4t .<lJL__J| 
ciJJi jJU V Ji .^.Ji^Lw-t^L^Jbrtt^LilkjI^c^lil jS^Jj 
.^__~JJl ^ _lpt J, <L__JLi <u5\J j tjj-LJl , k«t a..ii.;1Li j jiJL» ^^5" 
t<ulp L. 3Liy»i LL^l? J_C_J jt _£_■_ <LCJiJl _!L__.Vl f U_p 
xil ^ l_»L_~>rt _jp tLit j%Jjii Lil . JSs-iJl IJL^j L_*_-^sl i_aJTj 
tjiLJl *L>tjt Js LjJLc- jUj ^l _5L_-Vl j jlJjjJl jjiL-t _^ tLL- 2L> 

aJ__J| -^k- _J> ^ Jlj^ JS" ^ :>j*r jll gJjjJl J*<J-\ Ji 
^_Jip JSLa LLSj jt ^jS ___^ jj V dJJi _^J j . jLjJl I Ju» 

iw-S" y _/"-*,! J j>- jjjl ji j» jJ — .,■>-> <_>_w> LLLj — j^^j-^Lll _^ 

_j_-j ttjy^Li Ji c~L<->- ^Jl _jlJ_-Vl <£ J> jt L_kj: (JuS' 
Lj» (jjt _,S\j J> j t JLp j j^_i _5La ^jjCj J> JajLl t J ^jjU-Jl cjI jLL 

O-br j oUljJ-l jt _JJi _^ fjjtfl j .cJjJl _JJi 
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.2ji> y£. LpL~>-l JL*} L» IjjLi clJbr 3JL jU oljUJ c-ii-Sj t<Lw« !$;.->- 
^ c~AL* ^l iLjlT ^L^I ^ JLdl 99 ^ jSl jt O^SCi lilj 
]a y£. Lgju Ijb- lU_... ; Uj>- Olj tC../> ji! ~Li t-Jl JL-« 3]? ; .»,ll oJL* 
t JaJii L^iLLiS'1 Ji Ljjl* SjLui 2L-J jlj toLtL>«.:„-,< I g j y. 

.cJLJl JL» 2JL>- jOJ LjJsL >;!! 3J_jLsi 4jI jli 

L»^j 'jj^ l/* 2^** aJ->-IjJI L5"Lwl ^ sJL>-l j CjIj 

^Jji- t jyjil «jdj^r ^ ^J" j jJL» 375 L*> j*p Ijj^w» ^j-jI C-J^ 
pjJL-I IJl* Jl J*%>jj Lit LUjl .SfL~i ^rjj 80 Jl_p- ^ j*il S Jla 
jLSi^l j =L>L^Vl J^l jll t$JbJ ^ULiTl aJ_jL>J tjlUJl ^ Jj*Jl 
^ *JLa jLS" .SL-j.Ul Js- ^Jl toLljJ-l Jl iJLwVl ^ 

^-Ijj 4^o-^< Lcl tA^tt^jj 4jI oJl* jj^J .jj^waJI ^jA ^iLi 4_Xa—i 

Ljl>- j lil .L* y\ JL>- Lit Li^p t^rPi,,.U ^J\ jJl L>tj jl L_j ,~U...« 
^jP t_j>J^s i-j j— i t jJbcJl J^-ta ~U»tl JSCjl IJl* ^ Jbjil 
.Lil >5 ^j tLuij j tL^or jjkJ J jVl >l jll 
jLJI Jl j>tJl ja jLij'VI J y~ ^Ja...» ^tj 4j Li jb*j L. 

jL^jJi jloj^Ji L_JaiIi ^ Lit^l t,^>-ij_j juL jJj»j aJLJi cjls" ji 

aJlS' J ^j-J^J t5jjL-Vl oJL* j£- 4jL>-^I jl jLft _j 

^LuJsL. jUJt lUJ LpO^^J lJl^j toL.W^J.1 LoUJ 
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_1_Uj iSt_Jl jI>J : J jV jL__l 



^_$i5 L^Jj>__J ^Jl v~J J"l SJi _l J* j->- c£J»-i ^j* co^ U^J, ! 

.(U>-V Lg-iJUf t_3 . j tcsy-t J* j->- j cjLJJ) L jji 

4*i LJLp L-SCj:.^? toL'L»___. ;>L>_.I jt OjJLu V ^-LJl Ji___» 

JjjJ t JjJl ^ J-Jti . jjjl _JLp 4_J>- Sjji L>_j:_j tS-JLp 4jjj 

.AjJJ L» ^jJL Ja>-I ^JJ .^Jl jJl ,j>jl _1p L>-L4 _^s y 
jA t JL_>- > _I j JaJa>_Jl _ru 4-_iL-ll 4>%JJ t_ju-»j Jj-*f jl 
ta . lay —Jl ^)) :<_j _J-I J j>- j>$--Jl jjLf»Ji| *^-_ljJ jJo jjj L- 
.((oJjli M; JaJai-1 _->Jj 

'tSjJjJ* JaJa >-Jl jt i_jJl>-j t-iT jiuJJ 

^J jjt £^~>- Jj— ■* •ijs'^ (J - l_jljL>r7, ..ll JoC- Ijjkj 

Jl J__ L>J_p _,S_ j toJpl j CjUL>__~« £*l jj> Jl J-aJ i Ja_J-l 
£jl jJl _^jjt _JLp jpUJ-l jt .SiiLJl __« i-JJ-l 4J_>J-L ^ili Ji t_JL~ 
jt L_Cc tjJJi p-^JJ -ij**-^ L-Ljw» j ^Jl tL__Ja>- jJJ jf ^jSCc 
_^a-j ^lJ_>__*L .4~_Ip aJjl-I __p ajL>-^>IJ S4JL_-_Ci»-I l_j">1>-j ^« .<?'■ 
__<_>_ jt L_S__j .!__>-'_ Ips- _jJl*M ^JI t5k.,,.,ll j-City 
a»U c-»L>-L4 ji»- V tLvij .a»U oCL>__. Jl4 jf _£>._j.f 
JLp yjL-J ^t^s U jL>-_l >_Jpf ^ <_, : ,a. LSJj tcJjil Jl jJ? 
jL>uI :Jki*_JLJj ^xij 4_fr- ^_-J cii> Ji! .o j!j__I __. I j?r j>S r l 
tCjLJiJl J j_st J j>- aJjL-I __p 4jL>/_>U Sa^jljJl t_JbU _-« -jLjJj" 
_-a-j j t^jU-aJl J js-st J j>- aJj_J _-p 4jL>-^U t J jSfl ^jLL-JIj 
^l cjLIjJ-I Jj^t ^ i_il >S r l oli cjLIjJ-I JJI jf 
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oJu* Jit *j jjws j j^rl jj tJiJ-l ^ ^jJULiJl oCb>iiJ>l «.LJp 01 

< * yti ^y^i .LLU j*Vl a^Ip 015" bf oJLOjt juI j> _>U>jI ^ ^L/jJI 

C( ^>. ^J ^J-I i3L_£n_v/_*I J-^j. tLL*J>l (jkLil jJ j±>r <jp -j->jil 
jbJl j Jjj-Jl jp t_,,";:ll 015" jd. j t"J>J.I oL. jS\j£-l _jJl>-t ^JJl 

iJaj'l ^J-JJ L*jj%» ^J-^J LJ *-"-jj^' 0} .4j ^LiJl L^iJlp ^jIp 

LSLil -e— j».^ jil jt ( ^->-^ J \.J • ^J j^' j j-~-Jlj t ~ ^ j_-J.I cIjL» jLv»j 
J j__»_il l ^r*'- > " Ji cf '^-^J -_ J -^>-*--- j«jI j> ^jp L_>_< ^iiiLl 
jt Lg__Cl_ lAjui^lj ji jw-*Jlj J. j___Jl « jfr>/t c-J-T IJ-* J jij . Jaii 
. LjJj>-I J ^UajJl "u j j ^ Li_$\j?j t j j>_*_Jl ^J jil ,j__*J iJj-*-> 
ijJ->»j V *-»-gJ>l oL"L>___J.I ,t,. < a." jLi t^JuLJl IJL* (^PjJl ^s^J 
otfL>___J.I ^LaIp Jljj *>Li . o~__- ^Lp JJ _J_- jlS" L_p I j£ 

ja JbJjJl _1>_"I jJJJJ iULp JJL LgJj>-b ja "u"L>___J.1 JljJ 
2_j*t _,,-,/»; AjV SLjJljlj Ajjjjb-I ^UaP ^jP i_-JL_Jl JUP oljl jiJl 
jL>j^ icjLi ^ 5-tLi ^ ^JaJl jf Jl 2jL_>1 IJL* .oLLjJI oJL* 

. Lg_P Li>u. yU-l aJj»«j ^JJl t-- J.I Jv>- ^JLj ^-J otfL>_-___. 

^jaj .oLJL>___J.I *SI j_> ojJU j* t"uip j>S?l IJ-* ^j- J*-**i L ijj 
ti-*»J : J»jjvi "u*^j jijJ jp iJuj>cJ c£-b>Jl ^ L^s y ejLj Jj4 
^ J*^' jr* JJ^^J «Lil j-jJL j j>ws ^jIp iSy^- ^j^Lt 
iLajI ^i-l J-»Lp ^JLaj ^Lc 2j j-iv5s_» jj^wsj n_-~vLil 

.2j_.L <Ws ^pL- L* IJLaj . JaJ-l 
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_JL-ty j> :SU-I pjU ^ oVUiVI jjapt Jb-I LJli. - 

— j^j .clit ^ ^ji-jJl ^jlc- jC-Jl oljUi ĕU-l Ojvalil UlJ .L-oLJJ 

. Liajl 2__jLJl cjH£nJI c-i^Jj — cJ?- <L*> 0 j-L» 365 Jl j>- Jj 

^ ^j-i^Jl ULp iJbr _jd_>J tLjapl _.JWti ^lil ^ ^-a-t l j| 

Jb *>U> IJU . JUl j tAjJL-Jl j t^-l >-^Ij. (jJLo UJ jL*- j-«Vlj .tlj^Jl 

J-aJI jJuj t Jjty aL* jUj Lorty JoJbr J*^ ^ jj p jCJ ^ 

ty _A JS" jiCJ j .a jJxf V [<-o.LJlj V^l] ul=~Jl uyL* jy. 
» * - 

CjJb- Ji *>L-__-w. jJuj L. jl t JJjJl Jl jJaJl -Lp jJcj 

iiLJL»- LjL>- Jl j_T t__—*<L« ja>s- ^ja j j>ws ^jp L>*j ^ j 

jl>_. jl .LjI jJLp ^jji V (iLJl J j^ jj^waJl ^ oUL>c,.Jl jl 

^Jbo—J ot L_njTj tJL?1 J^io |< « tLji?-b ^is L»j tbo j=tj 
ju-Jl cjIjLL. c-JT ^ aiJ . 4-iLiJ^j^- VI L"Lt*j ^«...-wJ SlJL* ^UaiJ^I 
^ 3j_L>J| jj>___JI jJ jJl j» jjA^j i3 j* LfrJ^*J. oLSJs joJl (j-. 
jj^waJl 01 j* tajLc>-l J$— j t^jJl t-tj>_s-Jl (j^lj^i^l 01 .(j^j^l 
JLLI «LLp ^ L e.U IJl*j j JjL-^I j L^l. t^ ^l JsSj\ J 
J0l> ^ JU-I ^ LS") | jAL. UL> LJ J i£ jj- tjjWLll j 
jt (jSsj: L-i j^l 5 j^iiJl 015" (jSJj t(Grand Canyon) 0 jjLS" 
jsi aJL* *il ji La yuij toLLkJl cJjj j-« sJ» j^- j tli*>LS-l ..^ 7 
L .L. oLSJail (^^1 J, J...JI ^ o,U Lu5^i tolijL^yi 
ji^- c-*>- tLjajt ">LJ-*J j jjh ,^?!l aJL* J>-b cjUL>c_JI 
J izy>r jil cIL' jjP L.Lf sJlL>j' ^L^-t ^jIp JLlJI cjLSJJI 
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ijj^uai\ L\>-1j \i j^S- ^kli 01 LllSCJ blj .AjjJUJI oUJaJl 

3l*JL« ap Jl4 <J> («L>JLI J^tSCJl ^jjLJI ^jIp ^ ji^ ^Jl 
iJbr aULJLS ^t JLp VI <J j^- ^ LJ-^ 1 oUJaJl 01 .oUUiJLl ^ 
ap jiL« 1s j^j£ oUJs ^Jp Lgi ji oUJaJl <_£ j&cj*j toL>-l ^Js- 
^Js j^- i_s i 4Aj jJUJI oUJaJl U . j»Jl JU» 4. r U tLit 
tijij .J^^Ij' j-^-* tLipt j t Jul jjj t4_JaP J^W* LgJ oli jJj£ 
4jLk5l j . lJl5J*j t(_£ jiii j jjoS- LgJ oUI j_j- J jt Jj4 <-J* j-* L_J5" oJa 

aj^j V Ltj .dJJi JLpI Jljl V Lut L$J j4 Ji ^l JjVl 
J5" j_pwaJl j5J j . aJLS' dJJi ,_^ajVl ^jjIj iSy^i j j-j^ 

. Jaii _j>jJl ^j» iJa,.,. ; ttj>- Jif t4~J?jVl o jS\Jl A^- j ^gip jO j* 
2u jUi <;L>u> J j>-Vl oJa jv*j4 01 LJLp t J-*Li j j^aJ ^gip J j«2>JJ j 
^-^>«J i5^>w5 AjJ £*-*f Lo5" L«Lc tLgi>-lj CjIjLsO—JIj tjj>*-^Jl 

.L» 0jjv9 jJai 

4jL>**-*J,l ^L>-Vl JjJ*J (j-o-Jai tJJ>c-MaJl j j«-P jjtj 01 

LjlSC«L 4jt j* t jJJi U- j-^>j JiVl _jSCJj A.jjfejJJ I j_i> I j*\ 
j» oJ*>-lj J5"_j«w? ojj>- jil _j-L>-Vl Jjt J j>- J-.A a « JSs-io j-iJl 
(J-LpLJ CjL jJL»il oJa j JJa lJ jvaP j 4_>- JljJ V oUjaJl diij 
jj>«-aJ| oliJs j L*-b^i*v ^Jl toljL>«.:,.»il ^j-4 j-r-J^ ( _<J J "' 
ti.L*Jl j j>w9 ^ oL'L>tiwJ.I J-J.,.^-j j^l jSCc. c4jLi>-l ^ .SjtaiJl 



17 



j__II ^jIp Ll7Ju£L__ toliljjJ-l SijJb- _y aJ jJL _jS_r, ^JuS" 
oL'L>___« -ib>J^ <jj>__Jl aJ __>«Jl i_->«j c$JUl tj__L> 
_^Jl toLi jJL>J.I __• lJL>- 4\p j_> 4\p y^r jl j^l 4_jJ_- ^UiJ ?2L,U 
L. _1p jSy V L yo _•,__ .i_p _i jk L$_. «Jo-lj JS" jL_ 
CjL» ^Uiil 4j *J jwJ L. _Jj-- jS jl\ LJp tU j-jj ]_.::.. ..J 'sjjLw 

tlj».<>->- _r-L>-Vl _y -t - ("-L>-~J jt L__; .4j__-J.| 
__J y _^-<>.j . I j oL_ _Jl LjJ _^Jl cjL» jJL>J.I cjIp j_j£ JbJ__J 
S— -jjJl t_jL*JVl y ^e-jA^S .b;"j iL}.^*.» aJ-I ol___l 
cjLp j_>r _^ cjLI jJ-l _-• j.»..^l cjLp j~>t ^vJ —•■;*»- t4__ioJ.I 
.4».,kll J j>- L^-L-l VlJ> _i .»,:>__ t_JJi Jj_J L.Jcp . jvSl 
. jL^Pj ^tj <J *JL_-Vl <_/> j>-j t jl jJ-l 3ijwb- ^ i^r^ J-^* 
«JlA _-« 4J j>- 4j, j_ji J_f _j j_* (uLity J-O) j»_«l oJl* _1p jikJ 
aJL* _1p jJJ—J .Uajl _jl ^l LgJ j t jLuP j t_,*l j LgJ CjL» jJL>J.I 
4jj>- AP jx_i Uajl Jc4 _jj^-j t((_il jkt^. cL~Vl JS*)) j»_-l 0 jj>-Vl 
_Jp _______! j t jijS" ^Lo L$J _il ji?Vl j t_-t _JI cjI i cj _5_0l sl» ____-. 

L&i? L_XJC .j— -Jl _r*— "Uj^l 4^j_>J.I oJt* ,j»_£_)j t_y«~i 
CjLp j_>r — ■ Ljl J^ tLi^l _j.. ; s-J i"LL _JaJl sJl* ^Ju>__- jl 
. 4j a j J_ 4J ^tAill j» yyj—ll I Jla ___>- _j£nJ j t jji-N j_1 V J^ 
t^Lp J-x-io s-s^j^* _P jj^^-^ J*"* -5 ^U'U__J.I jl 
r lJ___,V j .4jL_iCi_^l LTLUi p.«./i7 *_jt ^ oJb__J jt L-O.j 
Jjiii j* t((*_^i J-T» 4>j_>Jl __. jjap Jjt jU to">Lpt JLLI 



_JLi»-b iSU-Jl 
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£_« c-^Jj J5» (jLi CjIj ->- : ,.,- l l J^'^-*' s-^j^rj-. tOLpj _/^J *^ 
^ jjip ^j) J,_jSfl aSU_JI oLi tjj-t a^j ^jUj .«_il _J^t 

£. ^ jr») oULjJi jjt jj ^k; («^ jr» apj__4 oy. 

^ja y\ J,l JaJL l-i* 4_j-_-_; j_aJ LJl tL_ .(((--«1 _J^t 

H __?" J,l AiUal tl g L$_j> ,_]j__J j_-S\j. j-Tl ^jaJLas-j ccjLI j-J-l 

.l^i, .ai jjjr.,^11 ^5 : 5j-l jaj«JI 

jlp iui >_£ ^ jj>_ji ^ ^jji ijl^ L.U? f. ji 

JaJl L__XJ_ ^*jjSZ t-y^ JS" J,l Jsii Ll .^Lu^-S^lj (j__>L_ji-l 
-JL- 01 .c5_jj-Jl ( _/ a -"-^ _r* ^'L* -^Lpj__4 J,l Ja-i L. LJLpj t-Jl 
U _>-J SA_JLi Jl ^ U 1 *- J ioULJI US" 

AiV uL>-Vl jJLp ,j«L«it Jj«j a?- jJl li_* .U>/»-; (j-_J» cjLp j__>J.I 
cjL* jJUJ.,1 Lgj. Jv-tj ^Jl t2LLj\Jl J j?- __jL_> yJl (j-. L_£nj. 

.y-VL U__>-t 

cjLu CJ---it JLii tA_J-l cjU,:,/3t1I jl jSnj ^jj LjJlpLJ AiU»l 
jj . ^.I t "}_iU L> ^_g_* jl caj_>_. q1jIjx.'l,J1 (_"°" ?r o* '■""'^ j~~JI 
j»Ip JSLio ___»_; 01 0VI L_xx_j .ULLp SLJ-Ij __Lp 

(jy.o.T^.11 C~il J-fc . A i __-Jj LjlJ_>-t C. o jjl t<L_- jJl CjIj-JI 
A-J jj J..M.JL ĕU...».tl ^jj* j j£x-*al\ ,jl i__Jfc.il ?CjL__J| t j - <.».:.; 

0 j£*c_- j jjt „^ll sJL* 0? A_jl jjJrl tL__S*Jl Lijy>_7 $(Mesozonic) 
cjLIjJI ĕLici j».^. c-jt Jjk .J__- o_j*>U 210 «-^jLSj ^-<_«j 
c-i-»- tii ji-iUaJl ĕjuJl Jl j j^_v-Jl - j^-P ^ _Lwsl ?(Primates) 
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^-b iSL^-Jl }\*u\ : JjVl jLaiJl 



. <U»« j jjL» 80 Jlj>- JJ>«-*aJ| jaS- ^L, 

<JLi LdL^ ^jLp ji JJj tjiLJl jj>ws ^ oLL>oJ.I i^JI jl 
JjJciJ oL'L>o~i ii^ j jJL. 600 L* j^jj>^> L-b^j lil .*L>-Vl 
t(woodchuck) J? j* jJJ J^* c-JL>- Jl t j>*J\ 

\>y> ji\ oV ilfyt.>- ULiJj* SjLT ĕjlpl L*JLp LJp p^, 
toLjjJl Jj'IjI j> j^jJ oij ^ oLL>oJ.I J>>^ ^ j j^w 
tdUi jp %ii .«jjj Jjl JJ ^y?- tJL-J^I ^^j toi>-ljjJlj 
^liu Lil Jui*j L. J j>- UajLl ^ jJuj Lijoi«j j-» J.I oLo jli 
150 j> 

jjy- u* p-M J*j -W^ 5L ^-ij '<>jSn ^ij 17 

jV' ^rj (JLp Sjli JS" ^ - oLl>oJ.I ^ j^iJl o->«j (JLc- L.Ip 

Ji. JjJ ii>Jj ji - L$Jl J jw9 jJl 5j j>W 5jUa JS" ^jj 

t JL^/1 ^ ULyl jL^L SJiLJ.1 LJL^ Jl j^l JuJ 

^ t^jt-oj^Jl Llalaii ^ oUlSJl oJlA £_2j .JL-jLJI ^Jj^ C. m.« ^Jl 

Jl IJL* LjL>1 I il .«oM J*l aJj JS"»j i(U^£ JS"» L. jLC 

j> (jjiiJl jl (_£ ji jJ jj>- JJj LjjJ tjj>waJl jP yti L. 

•9 jj>waJl jl .*>r j>- oj& oJlS" oJL*- ii^ j jJL. 365 Jl t j jJL» 380 

4-1 , 

Jsi ^j^Jai c4j^j j jJL. 365 L* j-»j> ^Jlj ^l te jUJl oLL" ^ I y** JiV' 
L^ip jjco jl cLt-*^ LuSsjt^Jl coLil jJ-l ^ ap jui. VL>-il 
S Jenny) J^ ^/^j OjLtjT JuJ .owljj jl t0UL.jj.L3Jl 
iji jj^wJl (j^" oUL» jj. tLa jjPj ^Oj^LS" ijclj>- j> (Clack 



4-) 
4-) 
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Pattern atthezoo 



Everything with heads, 
limbs, hair, and breasts 
that walks on two legs 



Everything with heads, 
limb\ h.iir, and breasts 



Everything with heads 
and limbs 



Everything with heads 






Fosstl record 



young rocks 




A 



A 



o 



ancient rocks 



1 

toiLSUjJl oJUb OjJut 365 >— 'jUj L» jaS- (Greenland) -ijV 

■Si 

-uij <JL*15' UJwr-j t^-» j ^Ju 385 ^ jLL U L* j+s- ^Jj 
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JJU-b iSL-Jl i\j>Ji : J jSf1 J~-_l 



i J_il ^>- j t aJ? j^is- ^-jjjj c JuLpj LJ 015' Xi} .di^.Jl IjiiS" 
^ IjjS" j ^j^J 01 -->-t "___-_ jo V cl-L* ^gip tLj .v_jli j LjJ (j-Jj 
"j_Jl ^jip ^Lta __>«J '"_-* 0 jJ-» 375 _* j*s- ^iJL c jj^ws ^jip Li>«j 
.L_jUI JLjJ ^Jl O-ljJ-l j t _JL-Sfl uy "JLiJ^I 
CjL"J_JI JuJ->»_j Lai aJp tLj cC->-JJ 4~_«j 0j"i ^jip Liijl JJiJ 
jj^waJl -L>cjI c jj* 0^1 <_;J_>-_lj .L$i>_j (-_-£■ y ^l c"->- jJjJ-I 
01 .cjL"L>c__JL : JiLL^I Js- oj_L" eJjj^Ji» c-s- cJ_C_J ^Jl 

£_»l jj" _Jj_ c"J jVl ^Ljjty jJJjj c"-_->J.I cuLtJl ^ jj>__aJl 
.5J_fjJl jj>__aJl IJl* ^■'■■■J cAjy^waJl oLaJaJl ^gJLc oj\jf 

^^3- j .aJLT jJl j^J-l ^ ^r^Jl L^Sj:. L$i y_ _JL_J -L>- jj" V lil 
^ j>_J ^J "JL>c_Jl L^Lkp OLi c4_n_j__J| cJJj Ji* cjJ_»-j jJ 
c C-j^j/ jj ^Jl j t cJ jUl jj^t^a Lgj 0 j-^j (^Jl c o jl J-l oJbJLi i_j j _Ji!l 

Jj-l>o 01 Ljajl LuSsjCj .aJLTjJI jj>__aJl j* _*jjPj cc-Jl y^lj 
Ji LjjST KMarble) fl>- _Jl j c(Schist) c_~_J_r :"J j>_dl jj>--aJl 

io j> Jjl cJ_N-_J JL» OjyjS" Js ji-J jl cJjL* (j\>__J Jl C-J y«J 
Ji dJ-i *>L» Ljjli cLgJ cJiC-J ^Jl <_^_L>r:, J.I cJLT L«_j-_i dlLU 
^ ;oL*U__-lLi JsLii-tAJ "JLtll jj>__aJl 01 . J-*j J-J Jc cJ->-l 
caJL ^Jl jj>__aJlj c4jjJ-I j j>_*-Jl '^j- ^Jl 2_ij~ J _Jl jj>«-_-Jl 
jj>__aJL "ujLi*j .(Shales) "uL>_-Jl jj>__aJlj c^-aJl jj^-^J 
CjLLoju "ljj-j^JI jj>__aJl J5s___" c5jj>_dl jj>__aJlj SJ-TjJl 
yiVl j-alii ^j .jL^J^J '-^j^-Jlj - 'j*-f!Vl Jj-«j i"_w">L- _/Sl 
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oLL*Jl 01 Jj cC->LJl 8-1* Jl» J ,j~-*J ^Lil jJ-l J,i/»a7 ^jjp 
SoULt:,,.!,! ha4- tj-^ail ^LJ jj>^a}\ «JL* J*»r 4-^jJl 
* ' J°" J ° J J^" JjLSjJI y L : . „ > J c jAi» '«ji>*j jl J*^ 1 ^ji» 

JsLJuii^L; tjJ cJj'L»jJI «JL* ^l ',_r*j^l jjj* .^LaJl ^ 
oLL*Jl £j jJlJl kiwaJl 01 .L\»j» c5 _/»-t oLLi» ^l j" 
4jt 01 ^Ju caJj jja j C-»l jLil j j>*-rfaJl J^lj J-A*- ^l ' i-JLo-SOl 
LT.^iJJS-L^ 

Las 3^L*Jl o~lc-LaJl_j. .L*jlj>-j cj j-lJbU S^jLi^. oLJLp cjJI£ 
cJai^ LUT cS^L jiSl J jjJr-l j\ c _^-Jl JiJu" OLS" US *jt ^ 

J ./»».1 JSLtu CjLtLrTi-U 
J,L*Jl <ulp OLS" L ^Mai c4-*a» LJ ^ys jVl <^>-j" (_J-£- « JSo 
JJj iJL* c« ^p^aJl J^-b J S jSLii 5 ^>^aJl ciiL" cJLS' J^- ^ 

Jl kilzz 0 jSJ L SjLp ^l ca ^jUJl aJa-^il J-.I j*Jl j coL-Ldl ^Ip 

^^lilj c jv>U-l jLs-aij^l Oj^J ^L*4 -f Jt^ ^ Jit^ ^ 
Jl ^Jj" ^JJl cc— yajl J^ :«J> _JaJl JjJLi ^Lt. Jb>-LJ .oJb- j£Sl 
j^j .^CJLaJl _/"*Jl ^Li jj>tM9 jL«t ^LiJjl __Jj£ 41^ c_JL>- 

(_£ j*>La jj ^LJjil 3.aW;ll ^ L yu jL-jJl ^jLJI Jl ^ j^J 
t JilL. j .5 ^^Ji Ji^Li Jb4 01 LuSO:. cS j^-iJl (Hillary Step) 
40 Jl Sjl obrjJ J^aj" c JL-JJI JL»j>cJ.I t.JaiJl J-*3 
jj>^9 ,_/aAj J^Ij 0L» ciiJJj -yL^I «J^- ^i^j ^-j J 

i3Lw.tj oLTL :0jjLVl v^ '2jt.-^ aJIj^-I LJj ^Ijj 4ikdl 
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_Ji_-b aS__Ji _L>j_I : J _jSfl J~-Jl 



_ j^-j j| .Jaii _Ja ^l 2_iljJl (jkLil J^u __J_T Ujto^^w 
-» jJ-^j ____*__• __>_-L»jjI ^jIp -_iljjl -jlJI -_LS\_- ^L^-i 
j-^-j t^__g_Jj tjLjjLl jJ_J :L-S'jS' jjiJ jl_ii- ^^Ip J-$_io t^j__i 
t_____»xi LSl j_L j O-C c-»l jUJl J-L_j"j t- jyj oU-Lil 

jjj-L» ^waJ .L-S" j£ Ljj ___- ^l cSijLi-l oljJeJlj -«Li-Jj 
___>^JJ .2J>L_»SCl_jI __>"}L>-j p : « ..^" ^ c_jL« jJjJaI o__» jj ^jIp 

.oL^L>___ll ^jp 

01 0VI L_>_C t_il __tsiVl Cj1_ CjLI ot__j ^jy-ip LS" l_l 

0 j~L- 380 Jl 0 ji~. 375 L* ^JL ^l . j j^__jJL L_>*j J U_J _j__j 
. JjlJbLl jl toljo_Jl jl ccjL_u»_II j __J_\__J ^^Jl cLjjiJ ii_v 
Lj jj-^9 c3Jj?xlll jjj>waJlj c-J_fjJl jjs__aJl _1»,:,.Lj j 

. I j^S" J jtSi j oJLp-I j £j»l j_> ^jp ___•_-_ 
3_*j | t , „ , />:! ijj _J_Jl Jjl JLp VI L_J 0^1 dJu ^jj 

2J jiJL* oJLpI jJl 2-j j_- ^Jl jj>___JI __Jl_f 01 j . oJL>J_>- ^L__Ci_»l 
jl t4jjL»_Jl Jl j_-Vl jl c_jL_jpVL oU-jL. jl jS'! j Li__P 
>Lr _pl jj* j ji^j^yS 0 j5»__- tOjP c/l LJ ^JuL V __JU_> Oli tOjJJ 
VL__>-I ^JuL tL. -_L-____» _L»s/ J r y_>- 01 . j><Vl _-LS_>. 
■^jL _JlL>- oLi£- 4*- jJ ^Js- j»Lg___J\ _Jii jjs j t^L»_JL !>L-_9 

.2Jl>l 

JL-V LjJ ^l L_5_c ^l _OLT t ___>_JJ ^TL-Sr. J-^^ 01 
___-__i ^UajJl LjJ _j___Ci, t __ ? iJl (jlsLil ^Li-r^ ijywaJl Jji 



viJUU-b iSk—Jl 
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jj>_~aJl y • _ Lol oUb»»:...!! *«UaP j jS\j L« ĕolpj . Aj jJJ J*l jjjl 
JLp £Aj"^ j£_t_T jj&j clkt JjbtC. J5"b" LjJli dJJjLJ iL^J^ 
Aj j^ai\ ^j0j. \ (j ji i a _*"* j: ^ S-***-' iaJp .3 ^*_v-Jl ^Ja** 
. y-A-L tjLJ j»J .£rJa_Jl ^jJLp a JLJ.I «iLkJl ^jiiju Jbs-J SAjjLJI 
_L»_>I 'AjIjlJI ^ aJ>LJ__n__-I Ai*j ^ ./»■! ^JLtll a_j JkJLi l_l 

A4 j-i_C*j i(kuj**j) i._. ,«Lll ^ jjl _^»j" u ^Lil jaj«JI ^ jj>^a 

JJLi tUap JLp t5 y£ O.W..JI c-^JJ aJUI *il jil jl . I JL>- 

y Aj j..,t.:JJ IjjiS' Ajs j j^j Vj COLLJI y JJjJlj cc-jljJl ^ 

(jJsL* j c-iiiLiiT^I ^ S jj-S" A...J i_3LiiS'l Jj«j JjJ> .j%_Jl JJ 
f\ j>^ai\j .(Gobi Desert) ^ jp *l ^ ?ĕU-Lu AjjI j>^o 
a-U_>c_il ĕ jLSJl iS j\s^a ^jj c(Utah) eLjjj c(Sahara) (Jj&\ 

.(Greenland) Ju*>Lj J- Ji* w aJL>jJI 

t * 

j j . JaJ-l jj-*-*- Lg ---' V jt LJp ^jSJ j tLJ_k__4 aIS" IJL* j-Lj 
L__C__- Jl J j*_> jJl ,jj J_> ^jJp LL j) (*-*_> j l£JUI jA JaJ-l jl c*il jJl 
JLp j^Jj tfr l ^>wJl j J jVl LiLi__Tl J->Jb»-j 1 .aJU-LUI 
*_-_>■ .(Central Pennsylvania) LjLLL-j Ja_-ljt j jj JkJl __JL>- 
JL* v_->J jSj 1 cAiS" _UJ_ ^ %ii j .^SJc L» tjJ ^ yci\ j_T 

.jai^l^dUi^lLJ^ VI 

A^i^tJ l>il4 (^LpJJ ^J-T*^' '_ l^ 1 *; V L«JLj tJUlj v_L-3 jJl 

"t>- j>- iZj\jJCj> eJiaj . jj J.I jjJ»-Ij JjijJl iJlJISCj ^jJLp Jkii j^^alij 
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_JlU-b :£L_Jl jbwl : J J~-Ji 



L>JUP .(jr-JilJl OjJ->- ^«>L>- (j^jJL» jt t^iL — -> j>- i^JUaJ 4__JL 

Ll>- jJ_J L. jlS" t(Philadelphia) L-b}Li _____» J, <jLtj Jjt cj?jl 
(Catskill) JSs—jIT JtS-iJ _i> j j^__Jl y *Pj_-Sr 
c— < jj Ji cJlS' 5j y*-_Jl o*>LS\__Jl sJla .ULiJLuj ^ [^l JulL»] 
Jij JjLj*- \ijyu> L*^ oLST JLaJ .LLp 150 Jljk _iiS_. JSLio 
tdlb Jl iiLi»lj .(Late Devonian) J jijjJl jva*Jl j>-ljt y cJ-" 

i >1 _J>Vl oli oUljJ-l Jjlji Jai>- aJli. L*j_pws cJlS' Jii 

Sjj-_> LjJ jjSsj jt JjaiVl y t_lb j«-fiJj .^._Jiil Lp. jlitj 
ji LiJi^Li 5jjw9 Jjt .(JjjLjJI j__Jl ^ji L_:v}Li <uLp cJlS' LLp 
. jjjL^I j$> Lb ^ jS_j t_Jl_o ^ (.jJl £_j>-j jL* jt ^jy-^j 
^5LJL-c-.Lij .Sj^jJI^^j^I <^I^oL___^_Kjj6 j_"j_J 
3 : t jLwi-l aJL* aL. _ijj%_i| ti_j j*JJ <j j_Jl y ^djLi-l JjlJL-Ll 

Ja_vj jt I JLp tO_L>__Jl iL»o_y Jjait — -* J J> J~**J 't y 

^USU v-JL L.I • J ji^-l j oLUJlj jjiL j^l j__C. LiLiLuj 
LJLiL-jL) ^ jil ojljj cjj^j» <_-;>- cJ— ' Jii ni.^T^Cil 

<jj j)a c-Lj LL_L__i ^ cj *>Lol jil «jljj ^ jiJ L«Jup .«jj-S" ^j'j— ' 
,jji»«wflJl _Lu_\J t ^>— iJ LJupj ._Jj jJ—Jl jl— _• j>yt aJ '("<_ij w ' 
LuS__ L. Jbi-L" LuSJj t JJ-iSn _i__Jl LJb jjSJ. V _j_i5Jl IJl*j 
.*LLL. £j>JJ L. ^jLp Jaii Ju<-*i t__j_->- jJl jJjJI ^ . o J->-l 
JJ J-^j tl993 ^Lp ^ii : ^>-T^ jJ ^ Uajt Ja>- JLa jlT 1<S 



_Ul>-b aSL_-JI 
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a-i* cJLS" Ji j .^lj^l c_-£ oL,'L>_-~Jl jjp (Ted Daeschler) ^Lio^ 
Aiil jj* <__JLS' Aid_>-il LjL>-Ij> jl .L_l_r «L>- I- 4 (_j* '^Lii jJ' 

jLJl jlSJ.1 ^ £t\ LJb c~-T j tl-br y^i^. c~-T : jbe jsC-iu 
f jiJ j* ( _J- J *' ^jyr^ •^i' JLS" l.o 1, ! tt_->-JJ 

^ SJjjLjJI jj>_-_JI -*-_jt. — JLj" j Lil — LilJLi .^jljy _jp ^ i ;S;*lLi 

LilJu Oij .-J>l _-k>Vl J Ju-^>r JJ.i 3->-.l tLilii.^j 
L/Tj .i.VjJl ^ ^j^JUj^l ^ j__-W jA JS" Jl Ljyu oL-JL, 
i_'a'S" 4^J-P JL>- j JLj jl— L_>_-»~« AjIJu Jaii JJi Juu — l::,-«o jLjI 
(_j*j t(Hynerpeton) jj--:jL_lA _J__>Jl dJJLi t_->-L_9 L; , . « .. tAju 



J 



.(((Hyner) jyL* j^ jy--_Jl <_J->-ljJl jl j-J-b) L*l_>_- aJj _^pI a_J_T 

** t 

__»l _-W j-^rj^l JLp aJ cJLS" (J jl>Jl IJl* jl JLp lf tlJbr Aj. ji 
\ Jl^J tA»l5" (_y<J-*Jl J^s^Jl ■ i L>-4 j-» (_y^---i ji tJaJ-l ej-JjSJj .Aj ji 
(j-~>J J? t-JL-Cc.j JJL>- «_■ jJK -i j__Jxil jJsLdl cJLS" JL-J . jl jJ-l 
^ J J-Jl J jJ* (_J*i . J j-~Jl oL*-_sf j t JjLil j toULJl :__JJi 
.f» jJl j jjL^^Li IJbr <L_i tjcJLi ^-^J LJ_- Jl Ji_J L_T tLLiL-j 
t jj_»w-Jl -Jl* _£ j-«-l oLjL-^__-w«j t j jijjoLgJl _3L____fl Ju«j j 
L_Lp jLS" 131 .J-J_il J_x-io Aij___>J. jj>_v5 _-L>«/_/ t(3jL_«_; L_T 
tAJLiiJl L.LiJlj tjJ-JJl ^l>-->-l ^ Lv jj^~- (.s-JLJl 
___--__. UJl>JI jJJJJ .lJL-r jJL< aJLu-I JjLJ Jkii LilSC-Li j j£wi 
^ jJlj t j-_«Jl _U>- J-N-io Ai j_i_x>i jj>«-/> _jp (jv----L! tL^UaJ 
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MOUMTAINS 




i^Jy i* j~i ja SJjjjjJt LJI ji- jJaJl (ijj~mJl JJ-J) * jJ 1 LJLiL^J ij)lj 

jS\ jl U ^jJsj J. <of U tAjjl ^pwJl jJ»Ull ^ ^jw-Ldl 

m L^" jjjj^l 

(Yukon) j jSjj j c(Alaska) LOyl ^ Su>i v±-**J Lf Jij 
j4.L* J5Cij LuU jL? lijbj t^Us5c--Vl 3iJL! al»^ cjIjL-j Lpl 
^g^jl ,cj> j>H\ l) y*Jl LjiiSj- ^Jl tiJLaJl CjLiLtiS"^! ^r* 
^j iS_A*UJl 4or jJ j_i-l jkLdl Joju_ J j>- JlJL>- ^ i_3Uall L 
.OpLail Jl»-! ^jp L>f jJ jJrl l^jLS - ^ Lj^-I ^t» t^iJJi |^J*i- 
Ujl»-j tU) >__^Lll jLSCll jL^j^ iol^LdJl ^ ^JiiJl pUI 



_JLL-b iSL_Jl 
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U° f°- ^ 'Ll*L_L (*-*" J'' — -Ui J tLJ_J_>J L_xj 

. AJLP L_>«J 

.SJuJ_r aJI>- aJL£_Cx_I a]>- J> JaJa>_Jl IJjj t JljJ-l _ii y 
Jst j_pw ^i <_-j? ^l cSjLLJI oliLliS"^! ^LJ ^J^p *Lj 
Jjait cJLS' AjJLJI oL<JJ SjCJLaJl J jljJJ jl LJjLjpI iJJLL I ^r-P 
^ip j_£ jkL» O^Aj ^ J5I IJL* j$>\ JLi! .LiJu-^ IjlJ AIj 
:L*Vjt $Aj ^jjJ Uj ^OaJ LgJ oJ>-lj J^J '^ij-^J AjJ-P «L« jj>«-^> 
J jlii tlblS" 0 jj->-t ^Js j> IJL* j t JJ!>L> ^5 j_Jl J>-L_Jl 
C->LpL)j ^j» 5ijyJl i_jLI jJ-l ^JLit J>-tj t-J*l J^t Ijj^ ^'Ijj 
LLp td_>- tAJ jdJl aJL-jJI _Cj ^t JL* OLT t^lJity 
(Jl Jj_Jl ^jj» J_£ j 3 jjJS" caJLj A_ia_« JLaj (0 jijjoLjJl ^jls y 
J. j .lJ_S" ^ji aJI o -Jl 3 : ,Wall oJL<_»t_l 3J_aJl Ja j£- ^Js- i_j yJl 
_)L* cJlS' .oJ^_>_il a_J_JI ^i _J_ j t^L* jt j tjL>_it iJLjk^jNj 

2j j__C* (^/_;jlLtl ^ jj) j t ^ojjl ^yt j j>_^ jL>ej^ oJLj>- "Ls i 

.JL>- J__L> 

tl_->- "^jj*-* AjJ_>_I «LiW.ll A__Jl A3 j___l J_Lil cJlS" J-_ 

lj*_ (jjJUl t^jyJ— xJl oLL>__Jl tLJpj t _u>- jJ jj>JJ Lsj»_?- 
Ashton) c£jv"! - j_il OIS" tAJLi>-l ^ij .LjJ l_l ^>- j»-_ y. LL__ 
_Jw5 j Ji tJ--*Jl dJJi _r» ji-n <_-•_ ^Jl t J jjiJl JjLj t(Embry 
iJjiijJl jj>r..rtll AjLLI_« Ljjt tAjJ_Cjl AjjiijJl jj>_^aJl Aj^rjJj^ 
LjLI?- jJ jj, U.i,.»,« Jjj Lil LS" JJJ .o-Xp t_Jlj>- ^jw» LLJ-__j 
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i5^_Ji :JjSfi J-aiJi 




j^iijJJyJ.1 jj^jji j^tJ ^jm&u JjUiJl iihttli .JuJLi jl.ar+L 

tiij^lt jl>Ldlj 
RH.) & jJ .-*.j t 13,lj£jJljs> «&m .^JJJlJjl^i Us >sJ\f ^jHJjl 
i(E\olulion of the Earth) ^jS/t cjJJ t(R±. Batten) JyU .J .j j (Dott 

.lJj^j .(McGraw-Hill, 1988 :Jjj*jj) 

^ £ijvJ\ Jj jlai\ ^Js- ULoJLu ^Jl ^j» jjjJl jl .OjL*Jl aJL* oel _y! Sjii- 
.l-US"^ ijLjJl 4*JaiJl 5aU-l) i U_IpLJ jl ^JsS. UUJL^j 
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£ ' j* Cf A.kiill j j>wJl il)t t j5jJL jJ~^-l j-» j 

JSCij jjUaj" Aikll oli dLLU iUUL-jj j iJJ"^ ^ cjLL»^J| 
ot cJi ^ JJaiVI j .^i-i^Jt J <£_j3j LjoIjv. jla? 

caJp tLjj c4jjliiJl o!jUl±lJ>I tLJUJ Sijyo ,jJ\J j» AikJ.1 cLL* 

,oIjL»wJ.I L>o 4. ; .a.;.« j\p cJl5 
^Jl ccLL" jP L.U AiJbt L.L.? SjbJjLl cjLjlxJI cJl5 JliJ 
Li JfL>- lULiL-Uj. ^ ^j^Jl ,Jj JaJl J jls ^Jp- . Ul al ^ L*L^>-lj 
<c->«J L5" U:.; iapjv~. (_Jl cCjL>-LiJl c£J>-l L^jbJu oL 
US"L" jl l >l>Jl cJl£i tAJaUl likdl Jj L.I .cjLW~. ^ 
Aj jjLI Jl j?-Vl Lj ^Jaij" ot jl cL. («LJaJl Jbii; 01 jf t ^Jall l oJl 
LJjLjj j j-*jj cLJLi>- ^j>J ol LipI Wt.^L Jj«j i, . J--JI J5" ajl-JI 
aJLJ (^jJai ot oVI LJp .oLL>c~Jl (Jj^ 4jji>J.I jj>wJI Jl 
(jSLc V a;V i JiLl ^ A^jai r jj J5J kk>Jl ^ JiVi Js- r U 

JLaJ Jy j Jj ĕ JpL* i^J ^il j c jjLl ,_jJ Jj» (jP VI J j>wJl Jl J j-^> jJl 

cjL^LA-Ij^LJJI^JJjJI jL^t^VI jS-J^Jj .SL-250 Jlj^ 
J 'A^ut\ j .oLVI ,j- J-U^ JL.U Jl AiUjVL ckii L<JLkt 
JU-L ot LuSJr V Ait c~LP Sjllkll Js- A^jLaJl OjjJl j jJ>- ot c ^Vl 
(jjji* Jl ,Jwsl .ULJor j (_jJl oLL>wJ.I ^ !>LcJs IjJi VI iLu 
(_ji LJ!A>- J-ojJI AiLi>- LuSsjT ^Jl co jwaiJl A*l. Jl aJiLJl jjJLJl 

coLWL>-VI ot iS J> <J>f* Ujllp cflp J5" aJU jJl 3jUj><J.I Ukdl 

.AkjUj L.L? aJyJj>- CJ15 ULprlj (_Jl 
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j_x_>- .1 (jijjLi jj_S_Jl cL_Jl ^__lj_ tL-t J>o 
jiojli ili j__ .L__. _jlijL_ "__._>- _;_ (Farish A. Jenkins, Jr) .J 
o jjjLl Ajjdj cSwbwlp ol j-» "JL_> JJjjLj _,p J,l "_iL__C__l oL__ 
jL>t :£>_ .Jd>Jl -L^l^ J-^ls^ J-*^ 1 ^ fl^"_>j;AJl 
_t j cLUJl ^^^i- __ ^LjI '(_rijL*j S_h-_J' i^^ 9 '"^ '^".--•'t 
JJ_ _>l_i_S'l "JjL>J $"JU_iJl "J-<_»>_l "___ll j__JJ ,__-»l_ LS" 

."__jLJ| JLjJ ^JI coLljJ-l Jl JL__VI ^ Jj^-Jl _-Ip 
l;,"l" JL* j t"_.W"ll Q_L>__Jl ^_UJ (^gL-- JJ^ -JL» _L>- jj V 

JjjJ <n tCSI Llyj cLJ fr">Ljj cfrL»J__t ^y» _Lj_I J j>- ^jL-J 

IJL» oLS" 2l» jJ j . l_gJli 2jj>_lJ Lj__»_j jt ^^SCc L -L>-jj V aj! t L"« 
J, j _l « j~JJ L _^__»__J \s>- \>\ju»\ Lpj jiSl cLLc jj*-iJl 
o j__> J jl c-JLTj . J,l a ,_ l l JL_>«Jl *_. Wall __* ,ji-- j* «_>r J '-^- J) 
-t__c. c.oi o jA -_f q£ o\ (_^-<— _ "_ c"._,J?-H S-jjJl ^ Lo jlj 
J^>--' _JlL_-j jt (jSCc (ji-Jl UL» ._! __•_. frL_Lo jvL __p __»_: jiVl 
-JlJaJl _l jit Jb-t _;tj c3Jw->_j.I 3"W;U ^ J jV I Lpj-J ^ii .*L_/_I 
■ J-* <-j-_— ■ "jI ji Lp Jjlj c^Jai i—j__f oJj. JlSJ 1 2-5" y^-* »L_lj "jlL 
_ cLJLjJ-_w» J,l (Keystone Kops) 0 j_-^S~ "Jsj__T L_w<_>- Lp j» J_ J 
J Ljj L_t VI (1 (^J-SJI L: jt LSj_t jt J.I t L"ljLL_ _ cL"->L_i j 
y __• _Jl_Cj" Ojj jt cjL>_it _ j^- j j>wLp *-Pj .«•Ji ^^-U Lp Jjlj LJ-s 

4_ 

q 3___il ^ jjJ-;ll JjJj- _JLp Aj'jJi «. jil JJLL jt ^ySCc. c"iL_J.I 

.U-iJl 
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\\a _" ^jjl tjJ>c-viaJl CjJtS" . jL>- j_jS" jt-K* Jt o .t.tl I jl 

c->LJl->Jl cJtSj .^1500 Jl j>- Lg-J? jS- jiJuj i>-L~- • j^jip ii jj--x* 
LS" t ^L jt jSLio .^lJLit huj Jlj^ JjJaj Ljip c-xJ ^Jl 

.CjL>L>C.-AI ^J-C- (_£ ji£ jj>*-*aJl ^j-» ĕjow» 4*i it-s^jl Jj 4>-t->«-> 
j^jjS r $IJ^>- ,j_-»jL<s> t yj^H ^t tj^- 'p-^^t C->L>-jliL» (^j^t jl 
JL?-I jlS" -liJ .<u jjt*-Jl ^ ^ jJl IJLa Ji- ^jLc- * jJaJL jjiL L» LJb 
l-L*r ^Lt* ^ji-j jLJ 4..Jat 4i*j ^jpo c->L>- jliL» JjIjI (J^y ij_*>-l ^it 
jl j *>L) ^ jUaU <c*>-I ja ^sA }S IJU ^jS" L.Jc*i .cJJi ^jLc 

UaUl ^ oJuJt>- oLlLyrT... » iL>»jl CjVLcC>-I jt t(t— i_Js>l jl J jL>- 

.((<jii XajS l j>\ iL»ol ^ I j-vl» cJlS" t J^L-iJl JU->-J.I 

^gip j_> jJl «jij>>r (Jt AJLCt^l C->*>L>-j jvjI (3 Jtl--I JL-J 

.JaJ-t ^ I jjiS' cill-i^j tb'^1 iL>»^ Sc->l ji- c~- <_£->-« 
^ jJjdlj tJJLiJlj ^JjUJAj <up c_>*J LS" L. LJorj JJJ 
tJbr oJLju CJIS" -1999 c->Jl j-« ^ -J jSfl Luilj-. .LStk>-i 
MeWille) JtiJv ĕjijr JLc toJu*>cil «UlaJl ^ ,^.j»Jl sj^-l ^ 
C-JtS' .jcJl» Ja_>*- a*L>- (Jlp L*J?j L^Jj tLji yJ ^jSj >l .(Island 

<uJb>Jl jj^t ^j* JyJbJl Li Jorj Jij tC->L^>C~JL (^SL. jj>«-aJl 

c-iLe- oLi jJLs*- c->-b LgJl *JL>LiJl cjJLTj .iJl— Vl 

t J jljJrl ^ oJL^ jt jUji LS" (_$JJl t^ jJl c— J j tiiL-jJl oLll 
.i-oUl ^jLc 5-iJL>Jl oLlj*>-l c->LiJl ^Jl t-JL>_JaJl c->ljo>»Jl jt 
JiJ jt 2000 ^s- j Ljy t^ jJ j-jLl (5jy| j JJ^ f»IJv> i i-.L ! 
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_jO_-b aSL-JI i\*u\ : J jSli jL-ill 



Jj> ijyj- cJLS' _JL__ jj_-w_Jl JV ' jyjJl 5 jij^ J| li Liu, 
£__» Js- jjiaJL L;Tju ^^s- Jj jJs cij Jjla^- jL«J 

. C-UL>_;.-<>'C 4_» jj_£ jVj-i ^j. j j*- 8 !**^ -jL__vt j>U_p ^ 
^Lp ^-^LU-I ^jil oIjUjj' £. Lb- JaJLLI -iL__r_'l *L>- jj_ 
-U- j^ L yL' ^jr-t Jij tJJL_> ^LioJl JJ _JJ_ jlSj- .2000 
O^j^» L_Tj ij^^l Jl jjUaJl _Lp .^jJsjJI JI ojjJJ sLJMlajl 
jv__>_jj tJ> jJl jJJJJ LJLp j__»r j^JiJ : J-_J«I JJ e_LjJ.I L____Jl 
Jason) jjjl-3 j j^°L>- ^jSnj i .<>LJaJl )&>?z>. LLbj c3JJLJ-l L_L_l>-*>L 
iUjll oLW_J.I ^LJ li^L. UU» Uj_u ^t^» 1 4^ JJl t(Downs 
ĕlpJL. IJl* 015" j . _J_»_Ll cJ>jJl ^ Jl _Lp Ji t J jVl o_.L<Vl 

Jb-lj J5" ^J_j_ tLi jjl lil LSj a} j» J ĕ_lp j>J L_T __->- tjjJjJJ 

* <* 

ojJl ^j^-j ^jj .aJL-JI LjLUJ JLpI ji bJ_£ Luj V jJbr >-VI L. 

^jip i_^$J jt (j^C. (^Jl t«LL-Jl i_jw>I j*JIj t<L____,l ^j «uli.ll 

"L_*J Jl JujUl ^ LJlsr ____* _/J_t JJbt JsL>J ^jSJ i t3> 

LJLPj t _/ «UaJ- J_T ^ j^l jo j j—l*r (JLp jiiJl j_f j CjJLkJl £• 

.^cij <U>jI-l i_jL>c-» c-> j*_> C..»»-* t<UP C->c-JJ <Ua>- .ilJpJ (i Lp j^ 

AjJ^-j 3 _Ji_ «Lprj jJjJ cJ-T JjJ i j j_-L>r ^tj j_T tC-Jj L» Jjlj 

t2ujl-l Jl jj--L>- (jL>-J LJLPj ,2LpjJai» <U*.Lijt cJLTj t^-j^ 

cJlS" JJJ t4j'jli? (^Jai uj iJl>- ^ J^Ui (j5J J Ll Liy^ 
cJlS" Ljl-j ^L>tij o ^p-L «-Ijj '_ ■■■■^ ^^s^l Jij 
t^'L>___J.I /.UajJl^^ ^>-t J jjSJaJ^- j^JiL^j^y^Jb t»-^ 





^y* ^l *Jpl£ 0 Ojl^ 6 Oj* i •./* Jf£~ l( i*— '0 

.L^Jjll^j- jj~*> .if-l~Jl 

<c-2_<Jj t4Juai;j <.*J&ajw ^ I4jjJ ^JS ^ ĕ O-jlS" 

a^j>- clJIS" JuiJ jjl » ^ *j\S~ _J tLjajl 



35 



cLL-b i£_-Jl j_-J : JjSTI jJ_-l 



jJjlj V t jyw ^iy j -da-Jl _ip SjoL-Jl 4jL>__J>I ^UajJl cJJj 
Ju V .(►-'•-ll J^l 5jJ j* OjL— -^LiL-*! 4>-L__, 

.OVI >b jl ,U*JJ 

^-^^ 1 tj ij ^ - " U^J^J ^*0' J ^ f 

LkiiJl cU_U '__-<--Jl c_jLp J j>- jl_J Ot Ldp _£, ji ^-W l 

f> 

_ip OLS" JLaJ . 0 j_L>- Jl I jji Lp- jj j t AjV jS" j-J"l £jL_. I 

^Jai^ OLS' cO j-"L>- cJ---S'l L-Sj c juL<_>- j^J jl j jy t3jj i iL>- 

j___Jj cjIpL* ^Jaj I :.„_.» .-jL»»:. Jl _,_<__• ^UaP __• 5jUu«j 
JS" _Jp L.U <_Sj->*J. £* jil IJL* 01 .-kiaii-l Jb«J j t jj-_J| j t clj>_Vl 

-JL_> _L>«jI :_b_l>- i-iwLjj JL5I ^ jjl j Lu_»-j .<up c->«J L_T L 

.2i_b ^Ua*Jl Cj jl>-l __-l t jj>_-aJl 
*lj>-I jj-* 0 j-"L>- 2p j__*f j I - _b_U- L~ 0 j_C_Jl cJlS' JLaJ 

cJLj" jl_J .-_JLi -jLIS' 4-^Jap JS"L_ _L>jI ^ jl>- jJl LdJ j t^Ua*Jl 

4>/jj _^ai>_J ulii. JS" jL__Jl _U>«_ll L_.JaaJl 2jLj t-J_C_J.I 
V L.JUP t_ju__Jl ^j .ji__Jl C__£ -_J-gJ j^i 4>/jJ 40 Jl Sjl 

ojjj 01 . a>/ jJ 50 Jl £-T jj ojl jj-l a?tj_ cJLS" tlJjj ___<__Jl (_-j yu 
c:«T 0 jl jJ-l CjL>- jj ^ JjiJl IjLa __c- 2_4_Jl -jli^l j t_L_<_>_Jl 

J_! .5J___Jj _t>__Jj CtL_» JS" _y? 1 S.Tj j JjO LgJl .CjUL»-:. Jlj jj>-MflJl 

L jC-Jl i-j^T j* _Jp ^ jv JS" ^ _ JUiTj _-aJ-_j' U_o j . _jW' J^" 
| -JkL_i 2LL_T U-prlj LJupj ,c.:arT ^Ua*Jl cJlS" t^__Jl 

Aj j>c-s. 5_L_» AjI _JL>J 01 LlSCb ^jSnj ji t-JJl _ip ajjJ_dl ^U_*Jl 
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t<L__Jl £__l jLj! £^_ oJbJLP Hjj LuJai J_! . LgJ jJ_i_f 4^J?I j 
<: l)Lv— — ' ^L>- jJ L3j_u» ,jy>Jlj>_-_i i«UjLi>-l Lj jjJj y— — 
(J»bi Ajlj ji _buj . jJw_ ^ __Jl _J_j* _JlS" <_* j4"l IjUti ^ j£ J" <£ 
_j_b__-» ^r*-*^! j~ "^L* liJbrj 4jLjJI jij (rtiJaJl L__T 
flj3»-l L-j_ J_! . j>-Vl 3 ĕ_J_ LjjsJ—ot ^ ^Jl^j t*J>__- 

. _L_j V' « Jv-» ___T Oy^' Jr* 
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__LU-l- -iC-Ji -b-ji : J jV< J---J1 



£^__>_i :-JL" LLL>- J-i-iJl OIS" -L_J 
4-~--j jajJI ^ja £»1 j- ^i LiLU Lj*AJr JlSj cl-L?r &Jj** CJLS' 
a-j i ^j^- _JU-/_"I oJla ^jSsJ (1 --_JJ-< <jp *>L-ij .^J^piJl IjjjjI 
01 ^jji c2004 fU (^gis .UoLJl JLc- J~*Z ^l coUljJ-l ^ 

CjUlJI (__jl_f -LflJ .2L-JL 3j ^sC 6 jll 0-U CJL-"j t<_» 0 y> J _}->>_ 
J jull Jb- Jl l-L>- -_iJ_>-- _U_>c_il -_J__flJl J -jL--_K___ v _"| 

.oLb-Jl jJJJ ^^s^jj ^ W-"" <- )l -' '"^UJl oliL_-_-T_ r l ^/ai 

-ut .2004 r u jjji jji jt ^ r u suj j->u jr 

bf -LU-I j_-Sl ,i__jL jjbLl 4.5 1.;- J-UI ^i o j^a t_JJI i____S' 

^ 4jc jv_4 ; l_Li( oL_Jl L_- c-jIjj -LUrl <__-j--_Ni c j j?«_^Jl j_»si 
o JL* .jyl-l l_JJj ^j^- j>__»<-ll ji «Lfj t^ii (_;l 4-JiJ (j-^" (1 j jJJjJI 

4P ja-^-o-T CJJJ Jij . jLLi-lj. oUaj-- _£ jP~\ -_*jL> Jl UJjL» j~_>-il 

^l t _-U_-Vl (^t _Jj_C_^ 0 _i|lvlJLlS r * J Lf_xJ J .-JjSC-Jl^ 
.4_*rW,- « (j"'^ "JLai« c_Jl_f LgjLS" cjJb -LflJ . JJ (jji L^-jIj 
--Ji_ (Steve Gatesy) (^j— "Lĕ- ,___-___ J*»j OLS' tdJ-Ii f ji -U 

iL yLJ 4_C«__j j«->>J>-J 8 _JijT.- £*j . ^_>__>-_Ll (Jj-^l ^ jj>t_-_Jl 

cJlS' ^j-Jl t ^-_SU-_-f j .LL. -Jl jla_j jl j-3- , 1-^- (_J_-t-xJ 
o_U oJlS' -L_J c-rl.,..- j l_jj JlsT c3 j-L>-l ^li ^ JLLi-Li oL_ii» 
_Ji : T,- cJliT t(^_Ss__^ (j_« (^ia-iiJl (Jjj^ (j^J_j .4»L*j ĕJjJ-T 

Ji cJ.J-1 ^.uu jv. _j c^L^I -JjJaJl JLfr jl_J L_T JLSJ . jiSl o-XpI J 
kJ-js-Jl A-Aj _Jk-_-- ^-Jai . OLL -J jJrl jj b j_«r j-4 J-X-^JI (JjLi l) j^Nl 



dJJU-b iSL— Ji 
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J_»4 j~ j-^-—> ^ S ^Lj^ Ltj-i Lg_P JJ>_M_J| JjjJ 

a.ilj__-l Jl _li 4jLl*j <ji_!J J__p 01 .4a.l?;:i ^ j_Jj j>_>-U Jl 

ijJL__Vl 4_J__il ^ UL* Lujj j>- 5.a.trJxil jJL-^l _Jjl j-« «^lj 

. 4j_ol_Jlj tLil jy 

p\ ^JLT _>jJl ^ jj^ll Jl L*_ LaLLLt ji\ ioUI 01 
cJ-T cjj^rg-i ^LJsj .-JL-t---- _J-p _$j_>-j _ j~~L>- j-« ">Lli 
jl cOL_-Vl olj-tj c-UL LJLp c_S >=*-Vl jIj **--» JljJ o >>_-_Jl 
^jj J-T _J_-1_Cl) cJ-Tj c jv>J.I ^ jjj_a-»_il Ji j^- JjL*_ 
t _jL..t. < Cjj 015" a JS* _-ij c >>_>_-il jjLSsJl ^jjwj ^jA a-bJl>- Sjtlai 

J$\ cOLil jJ-l J-v»l IJjJ->- LU-S j«Jjii 'W J-*^ Jii - ' 

. ;LJl (_J-P ^^i*- 1 

c2004 tL_5- J"}L>- jj>-m_JI dJJj Lr^j-L» -J-JvS_j aLlj Lj 
.-__jLJI _Jp J~jZ jA\ coLIjJ-Ij c.i!L__-Vl 0v. Lk^j Lj_T ols' 
__J| j_>- ^j? _j_l_>J a^j.LJI _Jp j~ju jd\ coLil jJ-lj _-L__-Vl 01 
^Jl cJjSTIoLIj^Ic^I^L^j ci>j^^jjjLj_JL^S[liSJp 
j LaL-pj c^-_^Lo_Jl (j^jj^ ^*** ^ - " * _/"JJj UjJ -__>«■! LJl _J-p ( j . t . Ai 
-J... J- - ; Lg__- jjy. -_L_____ Uji__Tti :i3LlpI _JL_xSU _rJj •_s~ t ^' 
LgJLi c____jLJI _1p cuaLp ^Jl c JjVl oLIjJ-I Ll .-uJ-uJl ^L____Jl 
j^-J 01 j_£_: Lg__- jj j of ^*j Lr cl_$__" ^Jl ajjJI c->LI jJ-L-T (JLpI 

. Ljil_5l (jP Ji-_-- J-C-o 
^*^--- _1p _j_~-l y>~ _JL_x*)Ui cLjajl _$ j>-l _j^-_jU*)_>-I _JL_j 
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dLL^-b iS^-Jl jL»«i : J jV J-ai3» 




^i» li* ,j_» jjl L>*jjjJ fjl Jj jji^aJl ^Jt -l__N_ „ _ _-t_.._ jL>ij' iJL*jZ ijiJ 
jjj-j iiijb jJuC j i ji2>J.I Jl Jl^l jjj> JJJ i^Jlf L-Ui iJJ>JL>*JL — [/ iJJu-l pSj 
LjjkaJi jL~Jl Jf-i ^ ijj~aJl .JbJJr 1 Jl j^JJ ^JiuJl jLSC^// /i^ Lj.i^> jj 
tL&lil^ i(Ted Daeschler) jJ-iz~>J> JJ lfi'JJb£ &jf>W jj^'j i^JJjl- 1 
. (Academy of tiatural Sciences 6f Philadelphia) LsJj">Li J S-jlJLJI j> jjjjl 



iJLw<SLS_j c^.jlAI j>- 4jI LgJ ^j-jii i4~~jLJI oLI L«i iLg-<i_~»->- 
S—oLll ^ijLI ti_i>Lcj — V I j» jj^S" i__JL>- ^jIp — Ljajl 
oJLA J-*^j Ol Lu£Cc,j . Jj»l _jfTj i^js\jut^ igi+alj ti_J>l ^kl LjJ 

*3Lw t-»^i>-VI a^tjI ja *l>j]t> aaJL» tLiJ^ soUjlili 

.4-mjLJ| CjUI j— >• j 
J,-\jii_>«J.I jlll ^jj JL* ^ju j.* »vll piot* Jti -LjJbi-l LujLS' ^jSsS * 



JJj»-b iSL-Jl 
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ijulpjj <.o ^ip uiil j>- J iiLo-^LS' jlS' -Lii .oLI jj-l ^ 
«J t JjSH a— oLJ' oLil y>>& ajxJj .A^iipj oL^-J* 

tAj jl*Jl £j jJJl Jif UliaP (5 jj .<LLPjJl J>-b JiJ L.JLP j . 3Jjj 
AJ j>- ja 

J>-li 1 ^»;» - ^ t^Jujij J-^sLi^j jji ^j t l _ii5' LgJ a^-»-^ oJla :Ljajl 

. LgJjiiPj A^-Ji 

oUjLSsJI jl jjj-l IJL» L$J iJjUuii ^Jl cL^o^r oL_Jlj 
((^IjjJl)) ^liap JS\Ji jl tjllll J~-" ^J** .Lj?l jjl aJIju jAJ <.aJ-I 
(j-*j r.A-3-Li j-. aJx-cw j-gJaJ t((-LajJl)) aSC«— JL! Ljil j>-j tAjjLJl 

.,_j>jSL!lj 2uj»w^JL| ^jLc- (jJaii aJIS j-«Vlj .<Lj^V. "JSj*"' 2L»-lj 
U oJiSl ajL>*i~JI oJL% ^SO j c— *> boU-ejl LJ _j»ij-l jlSJ 
Jaii J-^sj Ail?- oJbjJrl aS\<> , Jl ,j^J |i loL*L>ti-J.I jJp ol jJj Jb-I 
j-. A>t->waJl AJ>jJl OjLiJl ^ LfcLjb>-j LjCIj tCjLil j— J-1 ^j* (j^P jj (jy 
AjL^I C->frL>r JLoJ . Ai»*->«-*aJl A£J\JiJl AiJl j j tLiajl (_JfjVl £ijL> 

.A£J\JiJl J jljJJ ^ cJSsJJ (Lo j jJ» 375 La y>s- j j>ws j^ 
Ajj* jiojLiJj tJuJj t J jLS" t(3 jl>«-JJ jyuij^* LjLvSjjj 

a>.«— Jl jJs> j^ j^-VI (j~>^*i L>l ^r^j -^j" • L^j LJp Lwl LjjLkpl 
iaJLuJJI S-Uj-jJI 0 jLiJl (Nunavut Territory) <J-» jiL jj ^Ji\ j 
.^JLa J-»JL LJ ^Lw j* c jaJ>L--^I i_..t»..,iJ aJ$J (^JJl c J-eJ-lj 
^jA^wj JSsJJ c-JjjjJl 10 jiL jJl . - « (_/*^*^ j 5 *^' "^** 

JaI AiJL; j^I jL>>j^ t(lnuit Qaujimajatuqangit Katimajiit) j«— >L 
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i£U*b «SU-Ji : J/i'i J~-_i 



3 



c.L.wjl ,<daiJ L_>jt L<Jp L_J 

■llL^J-LwJ}^-- ^jj^-lj^sLi 0 j— — il j^""_J 4-_L->*- <_U Oj j-—' ^ j I 

-Jj^-J i3jo-Vl Lij^-l -lij .(Tiktaalik) dJJL^Jj i(Siksagiaq) 
_JJ_j L~L__» jV i _jj-oJ>L-^l -JiL _jy_5»LJl JJ jw» L___J l jl 

.«0 jJxJl -uJbJl oLJJ -_>_»_-)> : yh «UkUl 
^jj JL*j _J_>__aJl ^jw» _~Lc- '_s~"^ jt^"' _JJ__\J cJLS" j_LI 
jjjLuJI jJJ_ ^ U t 2006 f Ip Jj.jjI ^ eU^ j U Lj^UI g» 
J")U- fl»^A*yi lij- tikjl Jj j . jjTjj -Jjjj jJ J~« _j-»-_s ^ V-J ^l 

^j .-J_LJl «L_d! ^L». ^ >-Tjo- t^! ja x ji£&\ J± t ^j-J 



FISH 



o 

■ ■ . -r . 1 ' I 1 : | 



NEW POSSlL 




imuroo 





_J_-b _L_Jl 
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t4-i>__Jl OjUl oJj* ^ <__*- J_pt _J_' t J, 4 ■ . ^ ; Tlj <bli c_JJj 
'(jO_r* t "^ l3J*' S*l jl t«L-_.L— ajjjjI^jjIS" ^ j*"j aj^ ^ijj 
^ _JJj _->-_- JiJ .«LJjj_J^I _->UjJ.I ^i oJ_>JJ oLiliJlj 

jt <b'La>-l ^ ^l 2uLo ^U- O .IW t^^Ap^l ^t^^-JaJl J__ j ^ 

..!•» « —o ji i_. 1">»j. <_— >-l jJl j»-^>tj l___*j . Lg-iLslj AjUtT.mII i_JL>-I 
ji\ _-Js j_U ^jiJ lj^sf t(Nathaniel) JLUL _j__> Jl _JJL_CJJ 
cIjL ^ _j.j_J| j 2_jj _l <-• 'Ij <L_L-i1 _t jL j_" J_J . _Ji _rP jo^-^— 
LjLp (_i i S' j,_jJ ^ j— t <__ — ' L_-> tlJL>/ ol j_Jl _ r __>- _> ji jLils^lj 
cojL>-I jl jJ-l jL_J j«-^jjI j c-JL>__JJ jL>j^ (jL_Jl <_J_iJl ^ 

L-Lj? cJLS" Ljjl Jj^I <_JUaJl jj .U jJ__p1 L J j>- J" 

* * ' * 

LjJl <_->L>-1 tl-b* ojLilpl _.,,,. _jc a__ __Jj_~-I LJLPj .Ijjlsli jl 

j_J J t^Jp^l ^ jLp J t^rW...» _,-tj LjJ <Ll>_Jl jt t^L-JlS' 

JbJ^ _JjL_-l ^j tji fr_JjjL_» slJbL «uJJaJl _r<aj«j 1-b . Lajt Oji^S - 

Ljjl tL-LJr c _J LgJl cV tV : Jji 4_-_- ijt-$_JbJ _«_! Jl <_j*>__I 

LCj)) ;i_J*>__l J_J ^ jv9 L-Jjuj . _j_lpjj _j_-1 ^>- Lj j^ $-____• 

A>CJ jv9 _JJL_CJI UjJL^ ^JI <UL Jl v_j_* __) .«__■ _JVI cJlS' 
• Ujijj _-- <_L__A-1 i_j*>_» _j_- ^SCj? J_j>- tLb-r 

jl ._JJL_sJl _Jp y-UJb-L .___ jli tLiL_^._Jj_j LJ Ll 
*j>- _ip ^ j_- Lil t (_____» iJL__Vl _,p J-ii Li jv>_ V a5C_JI »Jla 
(^i _;jL J,j_ L. j» oJjt tj_a jJl i_JL>- _fP v__»Jl jlj .L_jt L. 
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L« ULLj ^ J^£ aSU—JI oJla ji oS^jI jl ^y-^-t ■Jl^ 
JJ L«jv*^ -iiLwty .dJJbSCiJl Jl^U ?L>L-oJ J j>- 4j L jp>*-> 
dUJJiLJ^JL A^wJrl J^aJ Jl tf IkJl ^ 4Pj-ji LjJ jJJLSJJl 
dJJliS^Jl L»l . Ljajl <t-J j 4JL9 1 <l<>_~ jl j_J-l L^j. ^ji 0 J5" jli 
jA 0jvX >_~j jJl iJjb j . i_j^SJl jj» L*L£ j j>dA Lj-jjIj jV iSjlb* 
.jdJl ^ys^J L$J Lc. oLjjJlj t,_jL5-l _jjJl_j tOjULi ^Jl 4j iSjLiij Li 
i OjowaJl ^UajJl ^,iu jJLij ^Jj j I jSU >iSJi J j>*Ji ji 




dlLi-b a£«.,,.li 
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ijuity J t^^Us^l J tQywajuJJ LgjLi^. >LL£ Alpt 01 y^^Jl 
^_pr ^JL L^-o--»- CjLo-JI aJLa^*^ jSCjTj tLlSCjb^^ __j>-VLI J^rVlj 
L«Lf t i^-^>«i L>tj jU ^ ^j^r 4jLtT,..U o JL* 01 . o Jl$S' aSCo-* J,^ 
^j^jt.^JJI cJJLJlj t(African Hominids) ^ y^l jL-J^I ^JiL-S' 
.(Lucy) ^ jIj j>$-«Jl (Australopithecus afarensis) ,jJ->- j ^glp 
. I Jj>- oj jJai* C-jLjI L>tj jU ^JiP ^ j^Li LIjl^ jJ Ajjj 01 
.iJLw-ts' L>ojLJ L^S' ^ 4L iLJL£LJl 4jjjj 
g;JJl t( lUJl 01 ?bl «LJLJ ^JJl li 
> cjIjUt:,..I i I jJL; LnJ SoLil j-ji-l 3JLJt>- ^ iAjj jj.* obLii^Vl jj-* 
oJL* Jt« j jVl *L>- jt ^ j j>»^aJl ^ja 5jiL>J.I oLaJaJl ^iJ ^Jl 

cJJb»-! jp Lijy>J cj|jL>r-T.,,>..< i_jsLi^S'l ^ > J.I.M. J " 01 j^J». cjIj-jJI 

tj^iS" tLL>-b b j^- j^ cJJt>-Vl oJl* ( jL>«-~j (_5^sij .«Li-I ^tjjlj ^ 
01 L15\-«L; 4jl jA tOVI ^j^- « ^Sbl ^ L«j .^^jj^iJl LoJa-j" j^ 
Olj .(DNA) <j;j>JI ^/a^J-l Jj^ jP tLL^ J>b L>o jL" 
c J^b aJ>- JS" lilj t^iUJl jj>ws ^ ^ij V IJL* L-^sL» 

^rj tLis<ai (Sjj^ S^Lu^-lj »oljL>ti-J,l "^LS" ^JL><j:..>..;.,v .LiiL^-l 

JgJ . LoL-r»-! ^jj jSsj «U^aij 



jliJl J^iJl 



J->*j . i Ml aJ5" ^ ^jj<__!l j>_£ jjvs> jL_J J^sat i .... U ^ jl 

J__>- ^jjij j» jJLi C-Slj c oJp Ljj ^ .. rt .a. : .» o^p J& ^JiJ ^Jjl 
cjIj— >p j»Jj*J SAJLjlaS' _JJ ij d jJaP IjJaPj (4_Js 3_Js j_j 

.SJbJLJLt j^^JLl t lj*J s l_J ^ _j>Y J r l 

(.^Jti ij j jSCj—i {^JlS ^ caljL* L> jj — 2J aJjL>_C. j^jjj>_j 

,Jj%k5*J ^jSsj /1 J~>-_l j' <J> Lv -^J j j--*' <J j^V- -ArO 
i_JJ bjjj uLkjJl Ujt aj_i- .5 jyl-l _JL_ jL<J,Vl tf j£i i/L 
LS" J_J . C_~i jj" l£ jJl ' j-LaJL JwaJJ SlpJL. jj^J (i t J.J Vl 5 j~JJ 
'_r^ ^ Ui^J^ 4»«^ LuJ _JJjJ S jJ__Jl £ j_o jt Jj J 
Lj_o ^.....^Jl J-j /l .3JajL4-l jl jiL ^jiLio jjiL» _£~>r _Jl_j 

JU Jr-I ^jjj J. cAlaiLi-l jil ^ jJju 4_A-U_ cJ? jt Jj*J clJ-r 
^SjI oIJj . JsLkiL <L-il J^lJJl ja JJLU OlSj c-_sj_o UJ L>-~p 
j«^jUI S ju a i cj j*j l jUol J_— >o Lg-> 3-*JJL j jS\J L 4--i1 4_A-I jl 
jJl _S J\ jt jSCit otjjj .^jJaJlj j U-Jl tUapt _i__>_ LS" L-j 
^jj s jJ-\ dJJL" OjjP Ji j cil>-ljJr«.UapVl jtJajw C_>tj o'\ 



JJLU-b iSU-Jl 
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cjU-I j^-Lj c~J>j t4JJLil ^JL^tjj^ii c-«i JJL! . Sjyi-I cUJ ^-^i 

.b>o LJLp j jP (^i *>L Ul 
. jJl c.a.t:<l U-Lp SjiUiij 4j»«j jil jVl 9-1* C Ja^ JJi] 
i_il jlst j t J-^Uil jt c-S' Lcj j - ^j.Laty J y J^LiJl Jjjf ccT 
\J& cJLTcj^Lijl U~ c i.:.:<l - J jVl 5jJJ >0s»Vlj 

jLS" JUJ t U— ^ jt JuJ «jLa ^jSJ jl .LjsLil aUiJl £jL>Vl J^U- 
.Ujj .J^^L. j J^J <jJI cJLLt <»JL>c~j tLj^pio UjLS" UJ) IJl* 
LJUijlj Lwa>wi t^jj\iJl (_$l t^S\JLS\J.I ^jj ^oJl IjJ* ^v5l t 

CJ-U ^Lj jl Jj.it (I j t^^o-pt CuS" (2ja?JJl jjjj ^j^- j .J.aP JSsJJ 
U (jSJj ilS j>-t tUaptj tSjl J>lj tSJjiil LL^» C i.T-S" -LiJ .2iJ--l 

ijAaj.ji ot j5o:.(^JLII J jiiil j*Vl 
t^jU-^l jt Jb V ^aj.j^j. UjU>j (^JJl t jJL (jJyA^I j-Vl j* U 

jj 'U— j 3J JLajI ^JL-j jJl jt jjb tU (^ jT, ., « JLp 

J*>. j ttUJl j t JUw.^1 Js- U"jJi 01 .9jj?J jt (jSCj U j tUUJ 
i_jL.^pV| j ^UaJl ^ iJJUil 3p j-uJJ 9 JLa J>-U jcc Li jLSCit ^il j 
*§' .ajj>jJI 2-pjVlj 

jg .U>sl y J^-LUl (j> "Ul (^ J Ujlp cU U J jt jl 

jLI i e>K> .SjaJUsJ- CJ^LaP ^j.jt (^ j^- tJJl k»l j SJj tA^L^j^l a jSJl 

^Js- ^Lkc- c—jj tcj"^jap jLs- jUj«j i— * j-» : JJj JJj cUUjjLi 
9 ^jws f»Lkc-4JUj Ji^l ^J-c- j^s<i*il J>-Ij ^ -L^-ji _j t^U>*JLi JiSfl 
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JuiJl _1p Jj-»»-l : Jtill J-__Jl 



j^. I_Up I JLgJ ^Jvs-___J i_3 j~- tJ.l.»..A « * ^ij |»i . L g - a. ») ^Jp _J 
L_u< ^ Juj?j i a^L/jM JJlpI ji _Jpt ^ TjlJ ^Jl tO*>L_uJl 
lS"1j_il O-T jJ-l Ja_*ol .ijJuj (^ii (_->- dJ-^lj- jyu 

. a jt«.»/> 4j>-L— _« ^ 4_<alj_« aJ\P plj^-l jy |J___« 
JL_« tUJLdJl Jjot Jj tbjJbi ^ aJL-J^I j (JuLcJl jy SijAJl jlj 
ji-Jl tjjLJl <£jdb_£_/_'l --I >l s-^* 4 1822 (Ip ^i» .Ji> 
. jjjJl ^j.jdJ J (^jj^^lSCJl ajLS" (Sir Charles Bell) Jh jJjLU 
L$__*j*j 'LjJTj tJ<Jl)) :<JS' IjL* _1p Vb _^LSJl jljie- jl5"j 
cJLS" Ljj^ S((LJ-u>)) jJl j jlS" tJJ 4__JL .(( jju> , 
<Lgj>- J liij j . L_i-p aJL ^ i ->Lj bc. JLl. (J-CjJ *J j-* J" «-—__« 

.^Jl jJU-w^ j j-Cj j5 VJ jt-wail JUSCjl IJwJ,^.^ ta J-j 
Sir Ritchard) _jj jt :>jL__j j jj-Jl («JajJl ^jj-JI jIIp U-T JLaJ 
J>-l_ ^^1 u-JjJl _,p uL_>Jl LL* ^ *LJLrJl S-li JbJ t(Owen 
j jiJl Ja-I jt £Jj_J jilP OjSnj jV sUs j__£ jl5" Jij .^L^r^l 

tULi aJbJb- ^ljjt _JL_» Jljj L.j jlS" L»Jup ijLt- £_-LJl 
cJlS" LoUjj.j .S-JsjS/l « jJ\Jl _j> oJujJI ^LLJl j a_ j>- j>« L^L__S"I 
e_Ju»_. £j jjt OJb>r j iu-> j*Jl Ji _J____C_J jiUJl __. j_Tt tlj-=r-t 

J . _j_»-Lll j olj\_>_ll Jl Ljjjj Ja Ajjjl oL» jl>_ll 4P j-^J 
Ji j . ^Ja-- jJl Li yt (J,l ^L_JX1_.I O jA>- y. C.;!^ jAj j jP J jt jj jt 
tob'L>_7_J>l ^ja JuJ^r ^jJ t((Dinosaur)) jj^sLjjJl jjL-o ^Li 
oli ji>_ll a JujJ Al^l j_ 4_»_u Jij . I j^i>rl j j>ws ^ L^L__5'I f (_Jl 
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jJl j " ~ g * UsLcl Jas>-^L IJj JujJ :<Lj3L>- Sjwaj «L yJl *JjJjI-I 

.iS jj~\ ^ jJJ ~j ydUaJl 
C-^- J» ^r 5 *"^ LtlJLilj 'LjJjIj tLL>-jfj tLpj.it jl (jjjl iJ» 'tT^ri 
J5^U Uai JL* jt caIJ ^jj^iJl tLip Ai^p L <^ij JLiJ .j^l Jai 
j jLJl j t£j jJUl ^JsA j oJb-l j "-JaP : jL-J^I £j jJJ ^otanll 
t|jyt^> Jl Jup Ojow» >>UaP j j^ "tP j^jij t<L*LS[l ^ljJUl 
J^ Jl j fUa*Jl Jai jl .*j.UVl JSCiJ ^MaP ^j^J- j* aLLL 
^UaPj cjLaJaPj toJb-lj «uJaP :Ja*Jl IJLJ lJu>- 4jLis> "jjiJl 

a.obnll js"LJl ^ jiij Jx«Jl ULa <"j jLic.j >( «j.Lf l ^/-«^-j 'J»-LjCJI 

.LJaP LjLilS"! jjjl iil*Jl ^ 
J^W 1 ^ OljjJl J*>- L ^giP OjSy j jj.jt aj.^Lp jSC" i 
j-» aLJL-j Jju. L.j <d £&Jjj"Jl ("j toJi^-j L jl .iliilisi A^JaJl 
2jiLj><J,I oLi jJj>J.I |ju «LjI;?:.*! oLjj.Ltj j* tolJuL>«J.I j oljL>L>J>1 

£-z<--»ti . jL-J^lj ^jLLjaJLT 
HJaP . J jLiL« j^-jaj* LjJ Jbi (4 i_JuL*j (4 <b*i>-t i_il Ja^\ cJJu" 
juJaJ L* jjjj j cjj>- Jl ^ji 2jJL>oiJlj ^ljJUl j <bJJa*Jl ^ oJb-l j 
I -U jl .«j.Ls^L J«ai j to joLdJl i»Ua*Jl "JLJLo j">Lai 
icJjJ J^-i-J jt CO jf lili . Lp.>o.->- <_*l J*Vl AjjLjv« JSn-Io Ja*Jl 

j»j ? ji „^->- £j„n ju j ja .ijb- "jj jis *j.l^»vi j*^' 'ij* 1 '-^ - 

liL j ,4^>-jL>-l ^L^s^I ijy. JpL j c j>ii j c^jJa— Jl ^L^^I "JUaL 
.Lvt Lfui OjOJI J^sj tj^ Jl J>UaP "JUsL ^ ?^JjUj J^ j ^P 
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^jip J y^~\ J-<"^ 




and digits 
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f L>^t j jLCit oli jb>-VI 3 ^i' oLlSJl oli*>L^-Vl 01 
jjjl ^ ^^Jl lS^J .^{U*Vlj C0jJu<aJl oLJajdl .iJjCj c^UaJl 
■SjTj-» ^giwaiill UU-lII |JLa jt j_u c3l _/UVl aJJuL." L 3 c5j-^-l 

.LJta L$J 

LJL*i k_, ,..->J SjIJj (31 >Vl ^o-s^j ajjj cJl-T jV 4L.JL; J 
AjL«_»- 3 JU-t LJLp ^il jJl 3j c<_S jiiJl j J" 0 ^'^ 2Lv>fc«jL-l Jj ^iaj 
L.LI Lt^aj JL_* jl .4jli ^Vl -k>- j caLLS' j«— Jrl 4jjL_-_« 
c jL-J^lj c^^JLaJ-lj c^jLLjaJl jl .L-_-o_»- Cj\j\ jJ~\ JS"L* 3 

. jJLll JaUji ttJ j.jV 4^JL 
J j>-» ajSL^^^SsJI ai^Ijj 3 ajUsl?-*>L. jf- jj jl ^JLtl jt Juu. 
jrfjj lj J 1 -^ f ' (( (° n tne Nature of Limbs) 31 >Vl 4*Js 
jLJ^I ^ljij i^Lii-l ^-L> Jl jLil 4 :-'» LS-ji L^Lsjj' 
t jLJ^H ^ljjJ A,,._jLi JJjJlj . J_>-lj i_JlL L_gJ jl jA tA,,.ujLi JsuJL 
.3l>t J tl/ i JS"j i^LLjaJl J^jtjj^iJl J>-jtj cjikJl^-L-rj 
^j j jl j Aj ^Jaii c^jjjjl j Aj jlaj j 'jijl a. jJaj jry L*L<I li*>L>-l JLa jl 
jt J_4 ot LiSnj: c jj jjb ^LJLj 

.ULj 31 >t jjj oli jJ_4 3 Ai_J-_T ^ 3 j-- £jjL aJ jjjI jUjUji 
JTUj Jl_wVl 3 JJ^J ?3l >Vl -ki ^jjL' cj_»-J Jil Ji 

.LjjLiLpj 
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Js- J^-J-l : J-Sl J-__Jl 



6& a ..ll Ajjj 



» JS^ -^ 1 >Vl J ^J-U jJl jy ^J. J jb J ^J.jt ^ j ^ 3 j3*_Jl C-IS" 

^j-j . « il JsS}\ j iJLwty Julpj (jy £-Jlj V* -5-* cr^ -b_«- 

j _j~Jj .3j>~pjJI olfC_i ^ ^^--^ Julpj j< k«* 0 j-C-> ^jLi-l 
LuLj J /\J>\£ J\ Jf\J,\Jj^ ^j tlJL^ ^ gjt Lil >t 
j£-fr!l 4jj^J S^jLlpjJI o_£~i aJljL 3J jLiil Jg— J ^j .aJjk 

ijLwSH jj-*- ^ 'jrij^ -^* -4 ^J-*-* tj^"-*^ <J>' -^rji ^J 
.(^L^sl— SjoLs<aJl ^OajJl ^jA 4P j__£— j___aP _ aJ_>-l j 4_J_p) 
^Jpt ^ JUajJl ;L$jJIpIS ^ aL> ĕ J_-Ij 3_J_p LgJ Lp.,<,->- i_3l 
jJLj iJLwty ^ ^J-Jl JS^JI jl j . J^ > j Jb^jJl JaP j 4 £j jJJl 

.LfU-b jiSl jt ^L_p ^ jt ^Jp iS y^- SjLpjJI eJic-Lii iL»Lf L_l_- 
^Jp i_j y_Jl 4 ^lp £_-Ul j y_l Ja-xl jt £Jj--Jl tLip tjo 
jlU LjLi^Tl jlS" L*^jt .IjjjJLl oljLSJl ^ «_>> ^ - 5L — ' 

»«LoLp «_ s « , »S* oJu J— l! . I— nj j*\ — -j j— >- ^j J-»-*i 'cjLit — tjj_o 
cj j-* 1 ^yLSl _iL~ c-b' tLjJ ^pr»-»- jJ->- (j^Jj tsJ-il yj «Julpj 

J_i>ly- c? jJj»«_JJ jLS" ;_jJ- p-^JJ .«-^Ijj LgJ y>- 4jj-«0 "LPjt 

_jJi I j__*i j^gjt ^j-- »JuJLi -JLJjL; j ja„,t>,'Jxil . J-Lc-jj 

. (Lepidosiren paradoxa) J-il yLl ^.jL-il ^jJLtjJL» jljJ-l 
LJL yt J cjLj L4J _iU_-t _j>Li_5'l jy^i i_J jj _jJi f -^J 

j jj_>Li__J>l t_JL>- Jij 44j _Jl ob' _5Lw.' J r L; CUy«-^ j ;Uljwtj 



ilU-b iSL-Jl 
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( jL>S' jJS ^L JJ Ji* tLip Jj>- j Ji j -<jij^ «J^-lj j jjL yVl 
(Carl Gegenbaur) jL^>y~>r J jL^^jjdJl J,Lpj t(Thomas Huxley) 
.iJL— Vl JLs-tj toLL jJl Jb-t aJ^JI oli iJL— Vl 01 

.j^jJail oJuJJ j jJjJ.1 L*Jj>- j Jij 
jl . JjJI ^ ^L >'t h,,..,tl iJL^Vl oJL» jLiLpj jlSj 

. Ju$0l Jl J-a> LjjJIpU ^ oJL>-l j LiaP L$J 4j j"l iJL^-t JuLpj 

LpIjj ^jipl jl .2L>c^lj AjjLiil cJLS' t^tjjdJl tLi*J 2-^JLi 
J *a:~ tAjJ, ,/»»ll toJo-l jJl 4o Jawll (iJJjj toJo-lj LiiP ^Js- (_£ji>o 
,_: -J ^j tijjjap LiaP LgJ LjJ tAj^JI iJL— t j . LiLSij 
?3iiLa^ oJL» Jj> .Ajj LgJ aS>Lw LgJl t4$s-<w AjI 
j jJl j Li jy^ «lJ-I ^L^I oJL» y ^£ ^vft LJupj 
jt Lii-^-C Lfj .^j>-I j-La* ^ ^r^JaJ ^jjl jJl C->t-b tjviP >wLJl 
.AjTJi iJLwt y aJj^I oJL» cJI JLii ' Jir*^ 
">Li j ^^j^Lp ^jlsl j-i ^ otL>- ol?L>r:,»ll oJl» JjI (_£Jj>-I 
La J-^aj jj>«-v5» t(Quebec) iJiLojSsJl ^ (Gaspe Peninsula) 
jjs «UajjJ i_ji*flj L.J S^JJxJl c-Japt Ji j .^Lp j jJl. 380 Jl j>- Jj 
J^^-» JaJL>- 3_C«-JI o-LJ jLTj . (Eusthenopteron) jj jp.j-J^ji 
.iJLwVl j toULjJl ^ JT j Lp.jj ^ ^Jl tol^Jl y 
— /jC-JaP— oJj>-I j LiaP ,^rll i_*l Jk?SU jj jt JaJa-i y-J? 
oJjJj LiaP (j jJL>JJ li-gJ jLS" t£J.Lstj tOj^jJaJl ^UajJl y 4P jaj£ 
L$jjJ jl_T iJL^-Vl ,_/a*J jLi tdJJJJ .AjLPj ^j) jSsJj tJU*laPj 
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lSjLjJ.1 j^Jl _j£j J, .<_Jl ^ liyr kii^ V^ S-s^y 

„ 0 * * 

jlS"j t^jjL <J jlS" JuiJ . U j%-ii oU-l ja L>X.jw Lj>r j LjJl jj jV 
Lt> tjJjij-Ul j*a*JI jj^w» ^ taj>-j-» ^tjjbJl dJJi 
L4L; y, M JJjJI UL* 01 j j-L 360 j 0 jJ-* 390 oy. L 

£-<Ls jl J j-*?l JL*r jl *— >H .LLf? o-b-L>r ^i^! «^-^4 Lb-L>r Li>o 

.OjjjjjJl jj>wajl ■ j L jl£L ^ 

.^jjjiioiSl j _y«Jl {j> oLjjdjJl ^ jtsl oLrLL» jj^will cl~1>- 
Gunnar) ^ jy. jpj-*-— Ju** y jp £-»LJl i£ Ju j~JI J.LJI J-^*- JLii 
^j^iJl Jj-Ul uJUi^V mjJ-^J ^Js- (Save-Soderbergh 
SjlkJl cJlS" JjJ .oljUui-Jl ^jp L>cj (Greenland) £>%ij*j 

^jA 3jjL* oL-wjo ji Ljjl iij.il ^jjjjj^ j** Ju** ^jjsJ J t <J jJ£*r 
t(j^Jl^t:.«VI oijUt:. J.I t^Lp ^j-» I Jl>-I j jL^ Jull . o jjL jJl j j>t_<aJl 
Aj'L>- J*>U- (Jt.t.^Tl JLSi t J^^l ^jip jj>waJl ^ jjLj«J jjjJl 
(j^jjj oLilj t3ii ^pr AjLiJxi^l ^jy. <Hj*j cjIjL>cJU^« ojwajiJl 4. : ; g ll 
^ J-Jl i-..;.»! i(^jL>L JiCjJ <U>J ^gJai t JaJ-l t j-J) . J-^LiJJ 

o>*>L- _Jl ^ij .(ULii^VI OU- _J JaJLII £-L>Jl Jou t ^L» ^c- 
L jj j— .Ju-. Jj y JutiSl d934j 1929 ^L AjLiJxiv-V' 
^ (Jlx-a!I c->jnU Jij . oj jiiil ^L-^J^I 4iLJ-L> cJj jJl jJUi ^»~» 
lfj> o j^-j d jj> JJ-aJL jjjy>J.I f«Li tAiLiiS'1 jiLJl tLJl 

:LL» AJl..»a,.-< 2L*,jjjJl dUL^J.1 cJlS" -LtJ .aJ jJ ^50l 
LgJ jLT^JJi ^j i *JL-Vl J jii j i^-jj/ J jj> j ^ jjj LjJ 




(Zebrafish) i£L~S - jJU^yi pJk** ^iJLc-j 

&t -l,-u.H ^U^jJlJ^ t#4dk j^SjJiisJ- (jLci) 
jfy(^UlfUzsl &jL~ VjJl jJL^i '. i-Le-tiJlJ^- fUajJl 
Ojj&l jj.yi . LLL * jJaJl aJ&li Jls- jj jJL* i«Jie LgJ 
tijijJ&l y~f ^jb*L»ir.-li •jjijb ^kS jj^: (Jatnj) 
. UUJj IjJJl J&i ^lJaju LpjjLL» jXr [Lk* L^JJJ 

jjjjjyi^jiyi ^ Jjuj (j^yi j) L*-z*,jztfyt 

.J^LlsJI iLlf £jL*I iiLjfl IjJJl (>Uifi L*Ji 
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ol jJii 4,,tJ cJLS" ol jJii j t(^jLvsVl £-«) ^LI J^-~j. ^iSLjui* <_j| ^Lj 
<LLw«j ^Li (^jOjj^ i_i_->< alij Jm»_} . JjjLi^ j_p JSLiu oLJL jJ| 
SJj-Ij L«^«~« 0ljL>rTi>.U i_ iW9 JJ <(Eric Jarvik) cLi jUr dLjl 

Ichthyostega) ^j^.ji^ y L^^-i^j-iS"] ^Li cjLLSCJI a 1a y 

.<u>-L-iJ LLjdJ i(soderbeghi 

LgJl ^p^a . t^jJl _Ji*J. jjL»! ^r^- L^tC^ jwS^^I Jju tl :Ti,r-?< _yij 
jiiSsJl fJJL" V LgJl V| 4L* jft>j L^l j _^>-l jJ jja*» Ja~*j 
.OiW jj^^UlL^jJt^Ujj^lTtL^Sr^l >Vl J^t Jj>- 
Ljup t^Ji^^II j t^U^A^I I ji^ ,jb J. j^-T ii jJii *]La 015" 
.cJJi _j-« -i jap Jju 2LiJi>- 2Jit ^Ji <uS\J t<up ^jojj^ jw< _jlpf 
c 1988 ^Lp __j>- l>J JJaj jf <J J>\ jIsVl ji (jLiJl jljJ-l 11* 
t(Jenny Clack) iJjAT obW-il J&Ip jA^j c_«Li L-up 
t^jOjj^ j-* i_i_-x ^il j>« J,l ^ j>- jjb t J^ajiJl 4jIJj. ^ LfcL«Ji __jJl 
L>t _ . T .,.u jijLSl L^^Jl ' l3 jL>J>l l-i-* . AjLiUtTi ,, < ^j» I Jb^» cjJl>- JJ 

_jjjJu*Jl j yiJl y oLujjJu*JI ^ (Acanthostega gunnari) <S j^j^ 

£A <UU ( — *1 jlsl _jP j^l iJlJuS" (^jjUO jWJ ljw< «-lj>-f _yL^f __ip 

CjJj>-j . <uiJL>- aL>-LiL« 4jc« J-o^>- Lajl «uSsJj . (j_»Jij _jJ~»J £J.Ls^l 
c^jJ ^Jl td-LuS' L> jJL" t<Lupj jSCi LJ jLS" J>l jlsVl jf (_5~t 
cjUIjJ-I JpLuJ ScjLtJ <_il Jn>\ Jjf jf Ijjb L_J j^Ji>f JLij .i«JjjJl 
_jSCJj fJ_L" ijlic.cJ-' aJ^Vi aJub .^iil (_<ip V a^L-JI ^ 
tJSLiJl aL.IS' >vU.f L>_i^ji3LS^U OLS' .^JjCjuj. iJL» c-JL. 



_JLU-b aSU-JI 
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^JLp \i )a b^u- jlS" .'Lipj jj-ij i^Li*- 

J j*^l ^jp tij*Jl ^jJL 01 i_->«j <. jlSj .iJbr LJlJj aJ jS" ^ja J\ 
L. IJLaj .^jJl ^ j^pt j5-j J^l^Jlj _JI j if iJity j t(j?JbVl 

.1995 f U ^ JL^I Up ^JL 

l^i-jjj 4J>.»....Jl I ^lsiwl 

Ljp Ji c1995 fU- ^ (Ted Daeschler) ^i~p JJj 
k.*j j>p LglS' J ^JaJl ^ ĕ jL>Jl ejLi Jou Lita*>Li ^ <6y^ J,l j^l 
^JaJL» LJ>-j .5JjJ>- Jj ^l» ^isLLt .iU>/j r SaJUfcl>- SJ jL* ^ ULiL-i; 
t(Williamsport) Ojj~~»LLj jL-i. 15 Jj ^JoJl ^JLp ,jV*>/ Ji 

JjL* i_Js tLiJL ULLL-jj ^ o">L^>l jil Sjljj c~«li c:..>- 
3JIS" jil c~«li . 2Ll— 0 jJu» 365 J,l j>- L* ^ ^JL^ ^Jl t aJL» ^jl j _puJl 

^JUt JLp J^^l LljSl C-jTyj ^>-_Jl ^JLl jj>^ 

i_Jaj jjj^-* j ^ j*^^^ 5 * 0 - W*** -b.*L*-^ oLS' ^Jl t^jj^Jl jj ^Jail 

4.1.,,- ; iLj oIj\>t7...,II ^jP C->fcJJ SjuIj ^J^jI iJJJULj i^jlS" JLaJ .jOW 

<_Jj£ jt Ljy jJJJU jU--. ilLwt t_i-£l j>- ^JLp 1£ j-*-' l^-Ja.».! .LJ 
(jjjjp i— Jtl>- tJuj JjJ LJ j-^"»J JLLPj .LiLj")Li J,l La> I g ./?•«; 

L_p cJL-j cLj^t ajj^J $LJl Aja5"lj ol ji^ ^j.jt U j^pj (Daisy) 

. oL Jlst j 

3jLf-j jt al>»i LS" jjt i(j jo ^JLp Ju^t^Li-l eJL* J>-S ^ J}L>- j 
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j > ;' i Js- JjjJ-I : J-aiJl 




i**L-r t(Scott Rawlins) yjjj <fj£-*j* J*~f -U/ iJaJdl h . k^ Jl 
. ^jJjll JtUdl^ 3 j j~aJl . (Arcadia University) iT/ 

C 

•O , JiJ-l « I .1 C 1 gt 1: _ .t".! .U^jC; I j jr. j^." \ .< t ^j." j^.^ii 

+-> II 

j__ ^^iyi jL<ii (SjjU^LwJsij^jiiJLij 

5 iJL»j ( j jaJUU jj-* SiiP^Jl iJljl J-»t< (1) ^j- 



-iJJLi-b isL~JI 
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■ijy Ul'"^ 3 *' 1 . ^ •< t7 ~ * cI—iLS" 4-JaJl oJL* ,oJl>-Ij 4\JlaP 

aijk CjJl) Jij . JiCjJl 4j j*<ap ^Uip (_jL«J £jL>JJ iiip Jl ^jA ^ j>Z 

.£J.Ust LgJ 4S\.«...-S' £a>J i.UU 
^g^- J li_>Lil yL| j c CjljX..t,ll 4jL»LS" 4P j^jt oJl* LzjLp jJ JLS" 

j j ^J-P J Jj »»LlaP JLa cJLS' cJ^-Jl j c4_>Ja_-Jl ^JuSsS' i_jLS" 
LS" L jl .4J jjMt* 2jkpj Jaii L>jJ jLS" cia>-l t j~J .((^Li)) i_$ Js? 
SjLLS" L»L~j>J *cj> ^ yicJ jt LulCc jlSJ» jI_>>jI jj* c<lJI 4_>-L>«j 
SjLjt^I Ijjl LjJLpLJ jl Sjls-I j iiipjj ^Sj: V . ^JLw 
jLS" Jj* j ?oLpj ^JL>t.:.-j <j jJL>cil IJL* jLS" J, :aJLL^' 4jj_JVl 
2jL>.^I jl ?Lj__sLi» j L*UaP J^jJLoi' J-ajJ J-^LL> j c^UaP4_£^__JJ 

. aJLLS" a^Jip JsV V) jte jt ^ V Hk-Vl o J_* 
.L; jiJ cjI j-_* j-up c~>_J Jl L-1p JLS" ci_ *L_*cS'VI ULgJ a*-JL j 
jUl cJJj JjjI ^ J jt JLS' .4_J| jiii LS" L. Jjjt Jjt ^jSl ^ij 
s- 1 jj j (Fred Mullison) J j— JL Jj y cCjL\>__-J-I jj$>r j 
___*__*- < jL-S/l jjt j jjsA>Jl fJL>-_J .(Bob Masek) cJL-L. 
.Ljji-b qLjL>c1-J>I <3L_-__nj Ji>-I ^ L*LiJL>-j ^_Jl cjj>-_Jl 

'C-»l j-~- _jS\j |1 Jl cl __fit CjCL>C-J| jjja^ iJ J^i jt 
cjLup oj j>«j. 4jL<_>- 2L-p J,l I J^S" cjCL>«ji-J.L) ^(^L» j j-Jj>- Jj j>«J 



^UJ a^UJ>c-VI aJLJ-l J^ jj>wJI ^ljSl 3jX L***r 
jj^wJl if t^Lil 5^i>- j^j^>cj L; yij Lji4 oJo-lj JS" c2004 
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i..ji.i\\ ^JJe- J yai~\ JviiJl 



(Jj jlj^ ^JLp t£jj- L$_. iLb-lj JS^J . jy. jJl 0 y,j~r J AJ jij_jj| 

t_/a,v,»)A.upj 10 ybLl ^li ^ ^iiJl ^ Aj"wL>- jtjjJJl _Jj : ■L> rW . M^ u> ,f J 
Lui j . AJUi^-VI aLJ-I ^ jjj^ Vl jwty UI_Li_Tl aJLT 2L\pj 
_j_C.,ij:....J .aJ j>- SaJLw aJLS' 0 Cr£ 'J*^~' ^ju^J J"^Lik 
Jl LgJiJ i Jv9*AJl JjjJL jjf— ~Jl _iJ jf j*J .j^-Jr-l a_jL j>i>Jl ^i 
iprl jjt.4_il t ji"-*il (i 4jL^">lJl aJsp^I j-* £j jjSfl oJL* jj| 
Arctic) 4,,WaJl IjJuJl ^i UL>- ^LiUj ulj-rt jl .j^jJl aJ j~~S" 
toLio j JiJ-l oL_>-*>L Jl AiLj^L tL__£ ojj?r y (Tundra 
oJla ^ja ^i-LJ cJLS" IjJuJI a>_Ij ^j^- .ajljJI ^J-p LfcL*Js j ^Jl 
.Lp-_jjJ .4jL/s">lJl aIs jiVl J-io f j-i! LS" I o ;_; t j j^J-Jl 
Aiii>* wL^*>L>- ^J-p j jj*>~> jpL^Li ^i <_> jj j LiJjjLi ^i Jo y jLS" 

i_J j> — ^ jP-\ iA_\i~a\\ t_jl ji!l oJL* Jl>-I ^jA J . L jaJ> A^jij (J^jJl (j^ 

_LJL£»\JL L&l ;_«, ,u Ll) a5s.o-oJ 0j_-S" 2jLpJ ^i L Ojji-^s 4^JaP 
^ t_~»5\il 4~iJ ^Jl tĕjJtMaJl 4.ftla»ll 4jJ_aJI oJL* Jjt>- Lj 
^i J ■/*'»■» j j>- j jA t JJ ^ LaUjIj AjLpj 4^JaP AjI ^jp 4ik>* ajLpjJI 
JSCio oJo a^J_JI _JJj jf (jl j>-f j«1_p 2jjV a>-L_« aj LgjjLgJ 
i_jjj 0j_i>-f (^JJl ci_JLaJl ^i cJlSLpjJI ^SsJ j J\ AjJa*S" i_-P y 
_jf .JLSUl Ar-rj ^JLp dJJj L jj>J L. JLp IJbr Ajai_»- cJL< U 
jj-LJl — Jo y _i__' .IJL* ^j-j-^l J«*j LJJj">Li aJUI AjJaiJl 
jL<il ^i j . >_JliJl IJl* ^i aLLS' ajLpj - jL-Vl ol jjI JL>j_v-L 
jJlp (^ j_i ajLpjJI cJLS' ca^L^I -Ul -UaP AjLgJ Jup cLLc >_ — -Ldl 



_J_-b iSL-Jl 
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ilfj£ (J j>\ CjLjaP £jL aLoIa 4«k Jl _JJu C-ilSj .2_J_Jl _JJj 
^JL ^Jl c4S\__Jl oJL* J>-L L.L_>-t j> 4jJ_s J-^tj <JJj>_ LS" J_J 

.;w jj ii>Lw L>jJ .*>Ip j jJu> 375 ^_p 
.^Us Vl ^ji j^ ji^ *jjj ^jIp jij^ LS' tULJl _^-iSfl J^-j 
L_s.__J jlS*J_J .li J^t5 j^^l Ajr-LJl j-»j j^^j-pjcJ-^J-J 
jt i__j jJ JaJ'-^. --La jLS" J>-IjJI ^ j^Jj c5j_Pj t_JLj -U 
LLf j .^«j.LisIj tOj_jts_Jl ««iJajJl j> JjJjJI ( jLjaP— oJj>-Ij 3 « hc- 

ci ^Lll j_Cll ciw-^Lll c-»jJl ___<_» '_rfjjl^ h > cjLJ L_T 

.oLI^I^L^Lkjy __ - j^P jj jy 3W : .mj Cjli jli* Li Jj>-j 

-is-yiJl a_i cJLS'j_J .^..^oLt-^yi 4j|jj 4j_pjJI iUol _)_T 
. L$l_p ^-jLS^j cAjLp Jl a_jo L ^ Litj c^-jjli j <. JLj jj> J->J 
Jj_- jl .JjVl r uli 

.L$j'li J_sLill j f__Jl ^liyry ihJ^\ 

cJLT^LL-LUL-oL Ju>- • ( _jjl_C_ji 4j_p j £*JJ_JJ LuJ Ljup 
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t.J^cJJL^JJ oLS" .Lb- JU>- J^H "i? ji*i 1^*-^ J-^iil ^tkj 

jiil J^l ^ Sjj^- jii L^i ^Lk-Jl ^ "Jj£* t< 3» 
J-^Lill sJla io-ljJu Lui Ujlp .jiJl <^jJ £^jJlj 4j»L«Sn ^lj JJlj 

cJJL^-Jl Ol UJv>-j cLjJnu ^UajJl aS' "-i-S" ,,"" J>-l ^ 

# # 
*bl ^jLc- sjjli cJLS" _LaJ :ljajl "jjLc- jiP SjtJi» jJ S,,^ ,/»>«^> cJLS" 

.(Push-ups) ^oiJ^ 
t^j^l ^jLc j^Ly» J^JJ LilJu Ju" t^i ^Jl ^ji j» ji Ujup 
. LU j^*j 1-5 j«w9 iJ ^>*JJ UjJws o"}LjaP ^JLjr.l,-.ij toLj^- ULii ^j 

IjjU ji J\ oLS" .*JLf Ijla J*i Jp IjjL» jJJL^jJI jlo- oLT JdJ 
a^Ij JjuL t ft LiW IjjL» oLT ^Ij tLii^S" *LiiVI JLp 

jJuj t jJwaJl O jAjaaJ *u--vJUj .jj^j^l ^jLc- "■•-L ■■ ,. k SSso ,,ll 

aikdl j tOui^Jl Ji ^ L*-^ •j^J 1 W-^ oL^^iJUL^Jl ol 

Ijj-iJ UJv>-j t^ljJUU JcLjCJI jL^aJI "JkaJ JUP ,j\PljJJl j»JaP CV->^ 
-LaJ .AjjJwaJl "JjajJl 4j J„^T* cJLS' ^JJl oLxil J UjJJ j t"JjU 
.(("j-4 jjj&S- :> jJwaJlj (J jjjJI)) ^JJp sjjL» viJLJL^-Jl cJLf 
U JlC-L-j Ji ?IJLA JaiJaJl ^jj j-oJj. (*LiJU L» 4$C<w l_~C- y Ji J> jJxJ 
t^JJc-SH (_i U^t^J t4j-k-« ^ij .ol j-J-l "JL j^a^tij ^i IjL* 

OL*J ^ jUj>U aijJUi i_JLtVl dJOi£-Jl cJLT t ^*>L>fj 
J j^—Jl J Ja-^t-uJ '^>«jJl ol»":".J,l J j tiJjJl j t J jljJr' 

O j^^ 1 jt— Jt-I jt-PJ ^jLc- sjjli i_jL)Lc-j j j>- j 01 . JsLaJaJl ^yLc- *^jW' 
,Lv*> oL-Jl dJJj (_i SjjLuJJ "v>-L>u. A>.«...J ^il jjl J IJbr iJLi» 
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jJJLlCJl <ui Li_^>- j ^ iJl t£J jil <L>- ^->- i, -Lj iJl IJLa 01 

jj>w-<aJl ^ <LL« Jl oLJ-I Ja£j t4jj>t_dJl «LiLJaJl <^~£j& .Liajl 

J <-1j>- ^....-i <iilxJLl« ">' »1 — . Cj — J- ~ -~~ £s* - UjJ lg "'' 

,4j*-Jj « ■< <U'..W JjHj-." 4iW>^ l>tjj 

Sjb _ji*ll «SL, II »JL* L. VLJ5" j-TU^I oJl* i JLjJ |i ^lCJj 

\s-y <L« ^LL» cJlS'^ L) j-L* 375 Le. ^Jl 4 JjIjUM o-L* ^ 
JlhJs i-^jLij L (^l tL«-li a ^^Lp Jl J-aj <d Ji? jLT Lg-Jaju ^ .L> 
jl^ Jl UJbi ^3 i^Lw^l ^L^J .cJJL-£j jjSI *j>»- 
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i_a r _'| J& J _jb_ui-l I^j— II J— <ai5l 



v_~PjJ C-~T J^i . JyjJ-l 4_n_« jLwty cJLTj .aJL 

Va.CJLaJl JjljJrl 4 Jut Jt 4_~L_JL; 

_J__Jl v jst, 015" t( IbJl IJia jl LJi yv liJL. ^ 
_Ji_sr_>- _-__iCJ c^wjIj <_jV-I-I oJL* _y c-LLJl oL>^JIj_*I cJ|_"j 
Li">LJ t L«Jj jt jJU j .tLll _>» ^j^l jt '___j-j (jLt J-^-l t j>Sl 

.jLiSl jj-_>>j I jjlS" 
£^_j jt L_>Lc . LJl 4-__jL> _5_»£-5 Lu-i _____=■ £j j_Jl v_~_r ,_^Jj 
. 4_C.<_. Jl aJL* _j_U-jj L^JjLiJ S_j/>J Lil ^jWl ^ «-.—S^ljJl ^ JjjJl 
c_JJJb ^ jj_ UjLlp .Lp>_il j Jjj_jlpt c_j_iLlj *lj_JJ _Jj_wj ____~j j»i 
JL__1 SjLpj _y Jjt cj __,Ji> __jJl (,J-_>L_I ^Jj>__J cjti 
UU»-Vj .«-j^-j* J-^Lill aJi_ jSsJ ._JJi Jij .diJL-sJlS' 

._ji>Vi ^uuj^j 

oLuiJl Jl j oLJL jJI Jl cJJL<Jl _y JU_jVIj 
^ljJJl j t LLJl Lplji ^ ___? ^Uip J ^LS" f Jit : J_~lj ^ J 
jlS" .L_yl luISn^. m."j eiiLpjj _j_il __,?- <Jj cLiS^j LJu* jj ca^lS/I 

. JjJUJ.1 II* 

^OaJl 4P j__r ~ u^Jip - «Jj-Ij 4_J_p i__^ j_ 4-_«f <_£ jjl L» 
t J___Vl __/-*; VL _jJL- Jl jj jt eljp <_£jj| (,>»j.L_>t j - ĕ jywaJl 
Jt, y-t 4_s___ .«JpUJI _y aJ_-lj Liap LJ ,ij J| 4Sv__~S' 
oli jlis 1 - JLa jj c_jcJaP— eJb-lj 4_JaP i__J y LjJ jjjj^ j- ^" * jJ. 
jl .«jJ--> ^UaP 4Pj__£j— jl_J_p— «Jb-lj 4_J_p LJ c_JJLSn_JLS' 
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. JL--Vl y y Jj iLil ^ist J^-ta kii oJb-lj 4^«^ JL* ^j^J. 

.JLw^l j jj.jtoLkkg cJLS" JLiJ 

ji Lf^J j t.k«.J*Jl ^j jli *bt JLe ĕjjli ^JJliSJJl 0 j£j JLi 

■UiWj i_s^ (^^ 1 j' ' jj W ^ j* 1 j' 'f-tf »/ j" j^-d 

jlj Jjbr JjjL jj> jj (JJLJ^I Jl cUliSJJl ^ jj_ JaJl 01 
^Jl (LJjl »Lk*Jl 0t tLL>-t JLij.JiU JuLjJl -JUJ-I 

^ JjV t Jl~/tfl jt Jl j t^JUJJ OLJ^I L^JbW^j 
J j>-t Jjt 01 . j_i~Jl Oy^L oLt* Jj toljip Jj o-iLp oLI j_^- 
380 Jlj^- U ja£- ^JL a^<w< ^ ib yr y LL>- jtj Lc-I jj ^gipt ^ 

J?-l y> Jj| (__JjL^Jl l_jl .tjXj . QjjOj: : t*JJ i£.<,.,.m'( LLp 0 J_L 

^jU^-jj t(j_Jy £-;Lst Jjtj . LuLst <L*Jai«j tLiS"j tLli-w ^J jjJaJl 

365 Ji c-Alp ^Jl L>*_^ jijLS^I Ji« oULi^ ^ o-L* j-i 2LLi>- 
^ ojl>- j Js-L&l j jL-^JI »Lk*J ^Ul JLiS^I J jo^-t j .2Ll— Oj-L 
0 jJL» 25 j» jiSl Ji o-sLp <Jt>-ljj oJL* jJi ^Ji jt tOLJl Jy 
<_£JL« ^jip cAjlj L«laitj tL-U ^>-L/_n Ji J^f^ 

jjJl j oLJL jJl ^ Lb-Vj tJL-/_H <y -LlJb t j>~Jl 
tLJyi ^lJbW^I ^ L£Lc ^Jl t LJ Jl ol j_jJl ^ L (j5J j 
^jIp 0 ^JaJ jJJ ^O^ j>Ul oJu* oLio i.ji.S' ? jJL>- j ^ji^ (^—^ j' 
.oLLr^l ^Jaju (^p J j-a>JJ $t_jl _J»Vl (j-« j iky! jJ^i» 
LuL^jI ^jJJ 01 LuSJc t<_s y-^\ oL-Ul ja Oj-uJLS' tj^iUl 

L.Jbt >lJL>c^V Jjl>- AiJs jJl oJl* .Lis J. a*-JLj 
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i^.iW J_^->-l : Jlill J~-~l 



s jjiji o j_ i j> y '*jl_cji y 'j^ 1 j^" ■ v ^ l_l>. 

-UipS^kp oV S_JJJ-> f j£ Ot LuSCjC ._J_ii J. 2L-JL. J-b jjjjj ^J_, 

i_~5' y .ji J.I _L_J_» ^Jhjj^- aJ-j- _1p jj-b" — 4j jy_Cjl — 8__-|j 
Jl___| 4_J aP AjLjJ ^ .4jL_> jJl eJ-J £jlj ,J^--H | i » * (ji jl' J * 
La J./jtII jo«S\Jl (J-*Jl AjLjJ J^-^ J • 5 ^ y ' LpI ji _1pI j 

jij*k-> LJ £--_*J lJ-A 0 jSJlj ĕ jSvJ\ J. <-?8 « .8 j5_l !__-_•_; 4jJ_>- o j_T 

jjt .(Supination) i_laJlj (Pronation) i_-->_l ^*^oy_ tLju 
t_JJL_C_l ^ ._JJL_C-JlS' oli jJ_£ ^ ?ĕj_-_l a-L* oLljj _; _j 

^JjP _/j-nJI J ,/? * * ^ jAJal__« It jlj _LSC_J ĕjy*_Cjl AjLjJ 

Lp jv->" ajLjJ cJ->" tLj ai j> j^-^- _JJL_CJl cjJLS' Ljup . j___J| 
^ ĕjJ-aJl a-L* __Ip oL-__£ ^JjJj ,,ji jil Jl 4__JLi i___\J jl t jj_j 
4__J tS-jLi>- s ^S" 8j\j— kJI AjLjJ ^r— ^j '_ J- »-ljjJlj — J>LJLijJl 

.jdJl (j^t-i LjJ ĕ_ j_r jil _J1j 
ĕjJiJl LJaj- i__Jj J_4 t4-j_i-l _J>I _J*Sfl J| lAH ^J-J 1 -! j 
_Ja-.li.Jl _l*i .(_£ y>-t - J>L)Ju *-« Ljj JjL__j ĕj_i '_r""^ _r^ 
._^___^L*_« _^_4l L-Tjj Lail Jl>_j" tc->LJL»jJlj t_JL_-_<S r l _r* 
Jl _JjJ_ _£~f Jl ^U-Pj t^_J,l 2JjL>_C. p^i :l-b- 3-.L* 3-__Jl e_U 
L JL-ji t j jjOjJuL_jj J_« JL_-Vl ^ l-br AjjJj-i aJL- j_4 ._j_i»-l 
LijjJaJ T__J . aJI_ e_4 , _ r l ji-T Jb- Jl JL>__ Lail j L r S' j 
Jbti) _.,;->- tOjjO jU—jjjj 2_C__j ^ a_> j>- jll _J1_T ĕjot__» ~jl J^L> 
Liil j Ij-S^jt-Lj tj»_>- )\ j;S_ Ljljj . 4jli 8-4^1 _Aii J.I j _iw5" 
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.^L>Vl o-L* OLJ^! <dp J ^jJl JS_Jl LJaj_! i jljjjJL; 
cL^jjtLolj>_I^Uap_j_' ^^Ji>__uLjJ j^J-^^^g—ll Jai jl 
JLt JLtjAJ 3uJL__» 3j_j ^ ^LjAJ L->__J $L.Ij_Ij tLU-ljSj 
o_jAi>- _l j .^J-JL^LJLS' oL'_J S.jJU_il jJl ^ ^oJLJl 
^ S^j^-jil _J__" LjL»- JL_ V LUrjl 01 .LJL>_ y* l ji-Sol 
.Lu^or cj^ JJ^jAJjcc^ Jj S_l__Vl jt.oUL.jJl jt .£___Jl 

'l/ 9 _ '^J J - ^ J l /? ' * tj/ l - J 'j'i*' S- ^L>- kju^ jJl ^ j>— Jl IjL* 
—jjJl 0 j£ C—^wstj tS»,/? _Jlj -u_it Ljj j^- ^ygl J— J ^J>-jJl ^jLc-l j 
j~ L^—Cj? ^l ^Lo-^Jl t j-_ll LgJLp J__iJl J_JaP _.. ; ..-S"! j .Li_p j_1 
■ J* 1 ^ 1 Ji _J>' p-JJ C_i _ j>l 

J j^- t^^Ji 3i y_> jl .3JL_>-I ^ .V _Js» ?aJ-| oli jJUJl jy j~ 
tt_, ,-,>_i Lo jj>-j -_J_L >»" oLj^] <LL>_Jl J ya^\ 

^j» CJjjJaJ •L-uL-t oLi jS\_» j_« __>L_J c^SjLi-l Lg.»,^<_.>- LJIjJ_ jl 
|11p *W tf j_JI _.!__,. _l .JUy_Jl >-Vl oli jJUJlj t_L__Vl 
^ _-_» t JJi J_j ij LjTj tjJ—Jl _->- <— « . j_>r __>— i . Jy ji 
_' L'L_>- 
Jsi i_J_' t4_>__- ^-j L$J c-jIj ,^_Jl 5j_>JJl c _»LLl Jl _j^r jJL> j 
U. _p _j_L_Jl _J_j %y JjV L$j ___> ^_l t4J_>JJ_' LLc __-_• oli 
■g _____1 ___" tjy ^il MS' ^ai .jLJ^I ^jj-j jv^- ^ 3_JLt ^Lf I 

. j>-\ jjLS^j ^XjL_Jl jy 4jLw_P 4Jws (jp 



dJLill OLJrl 



^ JL__J| U.ll ^ c_UL-xJ J jt ^ s-*^ ^"^* J _> 
j_i^LJl 0^1 -(Randy Dahn) jb <£J-I j j^ '2004 f Lp 
^ yu t jpLS\_*J> ^ ^j^-l t-J-i-l ^gMjC- ^i^i ~(Sjy£- 
(Skates) ^J-iiil (jiyJl j t(Sharks) y-l W ^Jp s-*jL>_-, 
L-LSl cJj Lc.j .(Stingrays) ^w^-l J\ dl^ ^j 
(Jj^ _ (Mermaid's purses) ^.jj-^ 4__-_>--. — s j>»-_> eb j~- 
OjjJ-j ^Jl i-sjJ. SJa-j £_sisj jt Lj i^LS^I sJla J^b ^IsUJl 
i(_$-Ulj (_<---» t ji~-Jl ^j-Lpj .<_£> _Jl _jl ^tkiill ^ji j-iLJ L-_>- ^ t -.. ^:l 
oLpL- ^ i^-L^I diJj" J^b W-"l sJla jv>o oLpLJI ob 
t2004 fL*J lJumsJI J">U- .LiU-l JJJl ,Ji.,^t;« _L-j o j>-L_« 

jLT 

.,j~iij ^g^- ^^-it oJjJ j jj___ j_Jl ^Jb jLS" t__JJ_ ^ju.J •_/ 2 tr^' 
j^P l_\P t5__-Jl CjUjt J-_-it tUa-J \>j£-ljuJo^j jl4 jJJ Ji 

lj* h ^ -^ 1 ^^-"t ,2L_ip 2Lp J.t.. L-iL_ LiLp 

?t jyLJ 

jJLLi j eljjJl Jl *>LJi jw- jt l__ip jLs-JI oJl* j»_g_L> ^^jSO 



__!!>- b ai(__Jl 
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jj- J-_— -I I j-* ^ LL- 4-Jl J__J L. jl .0 j___ij jl J_»L L. Js- 0 J_i 

^ LiiJL-orl (^jJi aj jjjJi l_j___>- ^ 2j_» I __jj .recipe^L-JjJ-l 

J~"- V -4-Jaj jj ^t^i aWi (_£ j_> jl y^- ^J*. -*JUP . oJLs-Ij 4-Jaj ji 
_J U jJjJ. Ui j JuJl dJJu Jj . *_>— » o jjj-s-» Jb Js- 4_Jaj jjl _JJJ 
.2_j___>- 2j_x_____ (Jl Lijji IJL- jl ._JL>- jJl 2_J_L| »iiJj ^ _j j_>r j* 
L__i jj J____>c__- IjL. . 2_>___, 2_Lpj (»L__-j Lj Ju j» L_p L jli Ljl J jl 
?2_C___Jl 2jLpJ ^Jl liJLb LjJuI ^Jl i«u_Jrl 2j_l_i-| 2J jLLc. 
Ljji i— il.ttTl ^-r-j <— j-* 1 . Jlj_Jl IJLJ oLL*-l ^Jji- J j___>_J 
.i_jLJJI ^jS-L^- ^j^-j ^,— J' 2_Lpj Jl LjJuI ^ja 

ULp j ,-__]__£ L>__ J ■___._,>j oLi jJ-*-i LLLL-_fl Jup cLiLL-- LjI j L_T 
^J^Lll ^Jjs- 0j>iL_- 2_j_J__ Jiil jj l_J £__i_j .LjJ-i-b ^ l___L__>-l ^j» ___jj 
»»j__ jf L___: V ._jL"1_»_.,.II ^Jjs- J__JJ jS Jui _ __» j-nJj .j ? j__>_J| 

.2j>uIj t_JjL>-_Jl jl .JU_u ^j-j JLu C-jL» oLI j__>- ^Jp (_jJjL_r J--* J . 

j*_-_Sj"I .-_,.,„ Jl IjLJ .^j'1_JI 3jj J L. t( ^__j ____•:>__ jl Lb- ljlCl jV 
>VI j coLWJL J_jJJ ^^SC- J jVl : JyL__ J,l 0 jwL_> <Jj~£ 
9' L. jc_st _LJ-I j j_C_ jl j_C_r. .(5 jjJl ( j____i-l j *~-rVl Js- J__JJ 

J^ t_JL?r JJ^" -_JJL_s-_Jl oLup (^jai t2___| 2J|jJ-| j| ._^L_ai 
....^l (_5jjJl (j-~J-l oLup (^ j_i ^Jl (__U->_.I 
(jut-T _ip aJjL- oljJi l5jjJ1 ^p—— 5 »-! ^ji*- -yjL^-JJ jlj 
(jiisr Ljj J-»L_ ^.^-r-j. ^ j- i jl -_i__^L_a__.L jLS" jJ liL. .Lui _JL__<Vl 



__ 

a 
-_ 

j^ 

® 

L! 
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Jjuiil obJrl :._Jldl J-aiJl 



ojjp j y jApL*- cLi>- 9JL-37 jt*"j j— 4 ^LjLjSC L "S\_4-^ 
«JJlpj ^Jl ct^LJrl jl jw 01 o»l?7,.l jJ liL. j ?jJLS' jj^, 
?LjJbt ^" ^dl cil" Lg-~-_ L^l jSI cL-Ji 
2_iJ_>J,l jj^l oL. j,. 0 jSJ 01 . ybUi jiL L* Iju 

LJLSL-1 LUpIj L_>_--_V lSjJJ-I ^jJl LL*j .l_j*jU 
iL.UaP Oj-Cj" ^jl iL;>Li-| OLj jJU LSj .LjJ 9j~J.I LgjL'Uijj 
.L.L" "__L_. oLS" jL- j JlSoI L_J jJJS J| L. j LvL_.t j cLLaplj 
j^»>. _>u I a.o p LjjLiJ JLa 0L» cdLi^Ls-^l « J-* ^ ^^1 ^jLp j 
blj . aJI i jjJl _/a-J-l Lu__>- ji^- ^Jl :L»L-v>J J>-b L;A>-| 
cL.L^-1 tLJ siJjjAJl oL. jJUil ^Jp <_Sj">*j (jJjjJl _/--J-l OLS" 
oj-jjA .,^«11 LjA>«_r "jjL_« L jAjL Oj-nj i_Ji_-Ni cL^Ljapl j cLg_>t__Jlj 

?AJI j (jJjjJl _/-*J-l ^ (_, y£ 01 fUa*Jl j ii_jLaP < _M J 
(oLlJ-I) (jJjjJl __r--<J-l tl^>-f (^i L_i yt» Ji _y-S\j SjLt^I 01 
t4.,.,.,Ai>Jl "JJ-I jp cJJ->-> i jAi» jJJLi _J-_. jl .5JL>- JS" J** 

'L» ,j\>r J-uJ-Jj LJjp .!<>_:- J_T ^ "Ja_-J "_iL_£ ob>r JL* 0V 
iL^jjL- *Jl£_) "JJ-I JS\-i ^JjS- y* jj_ 0i ^S.JyjjJ ^UAi ^ji jjji 
jjl ^UaP "JJ-I jP _JJ-><J JyJl ^ "JJ-I J*>«J L ^ OL» dJJJ 
"J>- JS" ^ cjLJ-I J*U-jj ^iJo" ^JI .aJVI Jb J,l ^JJ-* 

. L«. JU-»J ^gip "^jJJ (J-jLJ^I o J-* JLpL-J : 5-»L_Jl SJajJ-l oJL* j«-JnJI 
(_£jjjl ,_/a«J-l j^-a^ ^Jp (J» y^- SJ) ji» aJJcS' IJJ l-jL-o^-^/I JJP 
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ryi^ \i ja aJjT jt— Jb-I *Uj JaJaJi jj^jCj^ . L»L»j>-i eLJ (^jjjJaJl 
tJ-lS" jLJl Jl <>LJl e-U j-. jLU">U_j .Aj^rP^il 3LLU *i* 

t^JjJL <*JaJ.I A-ji-a^lJJ Lj>Li-l oUjUL y ^JU- eJL-^- <S j^i 

y jj^j £ ^j» jLLl ^yti LojTj .UjjJaJ iiJL>Jj Jjj-I^J.1 j 
(,<als£- cj^L LjijP p-i yL» ^uUjj jj_>J> j-gi t(Concerto) 
^ii jiJj J-»j*j ^l y»J>l oLjLI /j* ^ji j5Jl ^jP SjLp L fc . > > jLi 

.jjkJl J^U^ JT J^b J^jJljP 

J^l LJLSJ.L jV L-aJty j^ji JLe- OiLLJJ 3u jJuil 0 Jl* jl 
J-*j£ ^l t ol jJcJl ^lyi ^-JkJ <iaJL>J.I oL-jLl jWLU jjUL jl 

jjLti L.JLP . jLil J>-* ^Js- J>\ Jff^\ i>-lJ .oJbJb*- tUaPl 
aUA-tl jJUL tL aS^Jw- iiipj jjJaJ ^ AJaJuJl oLJJ <p jaJ? 
^ju 4~jJJ cjUjAi?- ">U Ij j-uaJ £~jaj jl Lu5Jr t jLJ^I Jy j jJaj ^ji 





M 














chromosom« 
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iJLiil obJrl :_J_)I J__Jl 



tj^jJLil ^Jaju LJa*j AjjUil ^j> ^jJl lJu*j J^lj JJU J| 

L_SLj:_j .<_il J^l al_J JM>- o jJJ ^Jl toLJrl cjLJT:^! 

. i_J jJJ _i j jJNj j( ,j^J>. J^J 'Oi 1 ^"' (J-^ oLj£-I «JL* aLloj L 
OjJu Jl^^jJ $— U«Lj£-Ij Ljj. i__p">_j i_JjL>_j ^ jii ji ^g-»- L_Xj»j 

.5_j_. ol jd* jl <_ij J-J ^L>__-l_f L^L__»J 
J__J j| _JLp 4L._jj cJj5" ^Jl toLJ-1 JLp i J_J (jLJ 
CSI, Crime Scene) U.JA £y> t£ J- jUJJl J_J__il ^ ^ 
tLSJb IJJ _3j_- .«j>p LJLj Js J_4 j»J («— J-L IJJ - (lnvestigation 
^MJ ^ ji^L (»jiJ |J tLil J*f J _ip J_J| 

.LjJj^J ^l oLJ-lj L^iLlj 

jJ-Jl £i_S 

jv_J-l t_JL»-j '^L»j 5_J LJi :«Lui aj^U ^ Lil Jsl jJ 
(LhjL^I Jup ti_il jJ-l -up |»Ui*JL» .2LiU- j «JpL» j t^L^jl i_JL»-j 
^y> jJL>J Lj-bl jU tjJJi Ji«j . Ju$Ol wUp |»U_*Jl ^jp jd_>-' 
jl .f J-C_J js> jj_i- J_£_o j£_o j__J-L» .y-N/ ,_J-r 
j> ji" ^JI tCjLJ-l L. j«-fri(jo J-J aj jjWril L-L>cjV ^JJiil (j-Ldl 
?aj">_JI aLuty aJL* jjkj. L-j tLil Jsl fUip Ju_£ jj.Lc JLp 

3iJbi js__i-l iiU:» Jj«j>j LL>- <»j_j (_£JLJl ((_£ j jJl ^«J-l j* L*j 
jl ?Lplji (.U_p ^ j_-_ L*jL_5| ^U_p Jj_*j gjJJl L. ?f Lgj^l j^ 



JJUU-b iSLwJl 
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.ij^JJ>-ii i^JU». 

jS\_i_- tisLc^l oJl* JtC. j^-Cs*-! ^Jl ts^LJrl <_-p j__J jl L__n_J 

.ULj^JJI JaJi-l 
l^JaP j- t JlJl £->'-- 5 ' Jt__s ^jip ^ jjjj ^Jl t^L-Jr-l Ljjcja^- -^Lill jj 

Ji J"^ i_u (. ji; t jy.-_Ji t^ijJJi 

OjJ__s> pS-\ ji Lg_L_>jj Ltbjjiaj _ il ^S/I I~Lj .«yL-ui-^jM -_v ,j->_Jl 
^i^- ttjuP- j^-J iS ^_s~"* j* - ^' j^' - J-* j-»-j . "L-~>Ll L_«L_»_>-1 ^j-» _L_? 
tL">_i-l (jy}_- £-~£i _jl-L>_-l iJj- J^-bj .1 j>jwa UlJ_£ Lj~~i j jSo 

L»_- ^JL_v ^jJl o"jL_jJIj ( . jI .^c^l ^ tjS-L^Jl Ju *J _i j_- jJI 

, LuLs- sJLl» 

t*-_>- jl ^Jp 1 fa c LaJl LJp _~?_i ti__Jl lJ-~ -___> t*\ iJJ 
SjLisl .jj->Vl 'e-L" jJ __jJ_>«j L» ■ 5_) ^Lftjji_j Js>--lz!l UL^-lj 
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SjlALI oLJrl :J_J-Jl J-_uiJl 



W**Vj (Mutants) 3 >LkJl oL-lSJl Js- i Jal ^_SJj jl LJp t jJJJJ 
jj ^p o yUs> ol»*:<f ^LjL o-Lp LL*j 'LjjLl^-j aJU-IjJ| 
.c3 JJl oJLjj jdJl JL-I j- L__Cj; V £-*'j j* L>5j . jJJl J-LJl 
-Lpjl j* J jj_A-l oJl* ^ -^j y ij^ 1 toLJbJl <__J_f jl_J 

A^lj JiJ .jdJl _/»«J Lij jlaJ ^-Ip SJL»L) j j£nj jl jSnjT 0_Ij_>- 

j jiJl ol.:.«!jVl j toLJ^-Jl ^ y>Jl A_>-Vl tLJp Jj'|j| 
Jl Jj__>jJl _J_T Jl A^b-o I jjLT Jl_i .bJLp JS"L_~. jjjwJI 
i__>»jj .1 ^ : lp __>jL>c_!l jl ^>-lj cL$jJL*LJL» ^y» Ij_SC«_j Ail J^l 
. aJLp A_>-l ^ cjULp *l yrl I j_X ft :J iL___J I jjJ" iji^rl jjS*J jl 

A_«_>«J *LpJ ^ 'lS*^ ->l-N-« ^ (j>^j J-o-i jt jL^jT. A_«_»Vl ^J 
jlSCjt.O Jjjs-Jl ^J •<-* >>"Vl ^J-Jl OL>P jil LAjjPj i.i5_x_»JYI 
2b-_4-l oJlJ ^w?I jJI JJ-I jl .Ai-Jl Jljls lyji» j^-l jj>J jl L_yl 
ol,:,-,.ft.>-l ^ii .^L*- Jl Jaui^ :aJL_JI {j&\£ s $ y*- y> A_JJl 
l*-4t» *La-Vl *U1p iOp ^L» j jJtJl __. o Ly ,. : . J lj 

(John Saunders) jjJJL- jj?rj c(Edgar Zwilling) _-J>jj jL«i 

<JlS _^_J t£_*-jJl Jaus^ AjjLipI jjjP APJL_. c_JjL4 *l j>r\i 

^JailJl j £JjviJl J-$P ilUi j_f JJiJ .^JaJl JSCjl J_uC J£CiJ 
ajLL>J.I a^__jVi cJ-Tj ^JajU A_>-Vl cJ-T .(Slice and Dice) 

OL*l A^r jJl Ijjb j—ij JiJ .jjlaJl ^Js- (_JJi yl Aj j J Jlji 

Lf_TL-_v Oj jj" "V aJ___jVi oLp j^^jt. c_-pjA_; Jjb- aJLjj 

jjjjL- ^jui_r tojji-Ji i_ii _JfVi J j>- ajh__jVi AJijL j .Jb-ij J-* 
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A-^-~\S Ub>J.I < *t ^ ^ t-V-L-Vl oLtyl £-4;jjj 

. jL*J^I c£-btj t jbJ-l i_JJLpjj t ^jLlaJl 
j ^aii j»Jx>o t4>«^-jSfl j^. 'Jb*- 0jJls<9 oLp j-o-"4 jl LLiiS"! JLiS 
oJi^jJI AjLjJI A^-J^l {j* Jb-I J -J*>- .<—» JaJl J»-b fLla*Jl Jki 
e-« j^j cLjJljL) ^i .%.LS" J» Jai\ jJaA Wjjj^o <_* JaJl pt-jijA 
^jA tjsyj jt cLLc- ^Jj^ jj^ u,^:' '"J ' W^'jk (*-* • J- 0 --^ 
^ljij tAj jIp ^IjJLi >aj e3 j~"j t j>-~~» C— *jj LgjJljL; .^IjJUl 
•^ljJu Lj ^.r.j <_* j-J t jtSl j^-L-» i_Jj L^iJjt l-il L1 .a^LI 

. 4_A j.,t. - J I 0 j\*AS £J. L^ L) J t 3.1 « T*^» 

(Mary Gasseling) ^Ju>L>- ^ jL Ljj i__«LS (j j>\ -+j£ i—oLi 

4juL oJL>-l . _j j>*-fJl ^j* (_£ J* •-V.-Lt jL-w. ^l jj-UL-i j j>- jy>- J 
ja jaJ~\ jt 4j (^j^ (^JLII t jl£il j^. A^-J^l ^j* Oj^a+a 

^ ^ljj -—-oLc-tj tjjiaJl ja C-ij J i^j JaJl jt^jJl 

o-S' J" . J jVl -V jjk:..» (^JJl t jLxil c~r£ LLc t^^Lnil 

.x^«j>>JJ SIaJl» i^tjiJl cJLS" JLi! .^L>- <d j-o-.j jjJ^ (_/■' j-aJI 
j-. _if-Lja> .iJ-C- 4jjJ jLS" 4J"t lj_e- t^g» :: W J^-^H ^Lri-l jjiaj 
JiJ t*j.L^Vl Jai j> -WJbt jtS^I j^^lj .Uajt *j.UjV| APj^il 
^Jaij ,4 : -« ; .W1l 4P j^>->_>JJ ol o j jv* S-bJbM *^L^Sfl •_JLS" 

^jip Ij^L? jLS" tL^J L. j^- jt L. f-<jj>r t-^jjji' jt 

Ojj*S' AjwjLc- A^jiJl oJL* C SlWl JLaJ .*^L^Vl -Ja^-J jjJaJl <U>- jj 
Jj'L-jj oJULSJ ^jS^c y^l IJL* jt Ljju LJjJ j toOjJbLl ^jjb^Jl j^. 



7=) 



j^Lj Li jjj, Ijl , j j^tJ (jvisM y J ' S .'^..ll J^-li jry>L_ijl La?- j\ 

yJs- ^Js- J-^t»j lJ» iS^Lil SJL- ^ll «^>wail yS jdL 1 
^J^a^- ^Jl t Lg — aJ ^wjjl ^nj tel ^ ojj_a£" ^jL«sSfl jjj» i_JlpLa* 
.JL>>_~Jl ^Uj ^jL^r Lr* jj"^^**'j > i£lL«>1>- LjJLp 

Znne of) i_jllaiu«VI i-L£J HaJLc, J-s^—^Jl SjtjjJl oJU o~~IJj -AaJ 
<L>*_~J liioA\ aJjb 01 .(po.arizing activily) (ZPA 

jl..A~^.L? £*~^J >* LajTj .^LjJ^* i_JL>- ,_jljb>tj jua-J-l 

iAJ.Ls>S r l .laij Ljs -Jb-u • "-Jlt-ail Djj .fL$jl Vj j^S- 

jJlj j ^^1 L^UI jJ-l cS-L 1 ^jT-^L^-I £-w-*^ ! I J| LuJ j^lJ~\ jJ^» 



normal wing bud 



ZPA . 





normal wing 




_JLU-b iSL_Jl 
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^L-i-^l y» I jiiS' «JL* _^_a__J J r l -IsLiJ 4j_a_. _JjJL_J JLiiJ 
^jJLJI ^j.L^I (jjj5_j 4j_a_« — ^p-L jl J5s_tj — O-b 

isL_J Siiai» ^ L">U-| 01 Ja*^\ ^jcsA ^JuS" ^SCJj -uiW J\ j 
oL_JjJ jlJwa^ $i_ i J_Jl j\P LaJUu ^r,.t:;j tLtij^- ■ . ilUa-.-^l 

jl ^ :4^_J J"l jh\ cJIjSj .5jLL>J>I ^j.La^l (jij^i Lj>U_J 
jLLdl ^j .^1 J-UJl y> *J ^l V ^JJI t^jJi-i _JJ_ 

IJL- ^jji j±S yS J> JL>-jj CUp- ci—jll^aTi^yi i?L_J 4jlJa_« ^y» 4jj yLll 
JuIJ JjLill j_Cil _i j .j__4-l _j.jS_j L">U-| _--s-_-J mfjir\ 

L">U-| ^>c^s^ -l-jIW St .^I jWLjj 4_J__. js> Ju<j.Vl -sl*UI 

L*J Lgi* 5 Jb-I j JS* > >>ui>«i>>i t Ja*x jJl ^ (jJsLil Ll . ^Lgjl (jj j5\i! 

,£l ^lj -JLllj JL_I ^UVl ^ jAS' jjSCJ i^jJrl Lu fi 
j Jii . fi\ _jj>L>-l ^jip SjJ»! 5 ^SCiJl oJL* jLpi-l jSCcj 
3jJtv3 4jJa5 1 1979 ^Lc- ^ (Denis Summerbell) J^j.j--* ^j^iJp 

. _j J_Jl 4JjLj ■ jlUa-.^l _U_iJ 4j_a_» 4jjj ju jjA y IJL>- 

_JJj y t-iSyr iS^ jLi_Jl £ii j^-U-I IJL* ^lJb*_J ^ a ^Ss-iJl cjLS" j 
JLp L^UJJ L. Jd^- JL_ l-jU-I Jl 4_j__L1 

-O 1 Silai» JLpr JLp S_j^-jil L">U-I cJ^S' . j^U-l IJLa t_jUr JS" 
«j.L^Vl cJlS' t j jSo" _jJL< L.JLP j ^.L^l 4j_I jj^SCj" 

-I— 

*2 Ja^ "" 4iJa_« y Jilj s^^^j** 1 -J—j* j_T ,4j>_Jslj IjL* Sjj^jJ cJljTj 
IJL* JyJb*_J j iL^JiO j ^.LmS^I ji j^J p^^ij ct-jl WaT .^^I 
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S-Liil oUJrl :_J_Jl J-aJl 



.<_£jjjl ^ytoJ-l jv_J jj_»-Ljl £-»-1 ^l^"*^ 

(_->U_j_>Vl 2iJ__. 3J<_J ^LjJr-l j»5_»_Jl 

. 9JjJj>r ^Ljjj^ oL-Sj tLtJjtJ I I ji jIa ^sl jl Jbu t^jjjJLiJl j ^iJl 

^jyU Jsl^ jc£- Lo Lj_p d993 ^Lp ^ ^L* _jLi_S'l J-^>- Ji! 
J^ju. j^Uo" ^Jl toLJrl J-->JL ijlijL* ^ (Cliff Tabin) 
a;W:l c.Wpt ^Jl oLJ^I 015" Jsj-jJl iJb* .^Uaii^yi JsLiJ 4jU__. 

<_^J -f jr^ ^ -- * 1 T**^ J*=^ W^J-^ tL-jLkai^VI IsLiJ 
^jA C->l ,,:,.». -:Jl CjLIJj ^ J**Jl j-*>>J>l aJL* C->tjj <_$JL!l tcJ Jl 
aLi-p^l Jj tLpL^ j ^Jl _JJl_' Sjip i_j jL4 o_U> i_^j-«*Jl ^ ^ 
eJl* c Jl_T Jiii .^US" IJL* i_-_~- Ji oLt> JJ L. Lp jj jl 
^Ul j_T _j Jrl _JJi ^jkL. JoJ <_$f jJy J, jSJ j t i_J_p aj J_j" 
k>-j3l Lf hS}9t V jf xi I jJ^nJ i >-VI _Jj" bjjpr j y- jJu 
oli o ^SCi ^ybj tAJLs-st «jJsjL ^juL" jy_£ tL>- J ji>-tj a - g^: fl* 
(_-iLJJl ^ cj_»_J1 '» ^^iJl cJlS" .»_-iL_nJI Ijl* g :C - j* ^jjs 

Ji t^jjjdoJl j yiJl ^j* oLlJL_J1 ^ »_-ijL>iJl cJl-' 

*Lj. _/> J jj-II ^JLI kL_JJ _^Ajdl'j__Jl _,p ,J_iiJl Jl O-LS 
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t 3^5\iJ! X,.-->r jl .AJLi-l Aj^U-t Ajajjj ^ AjL)JLII («— 

.^JaJl J* a^Sfi j ti-JLiii J Jj>\ ceJJi-i Ji r uSfi ^ 

tAjLJJl jjiaJ J"jL- JaJij jl la ■* ■" CjLJJ ^y» 3_LaLS" CjLp jaj>t cJLS' 
ja 4iL>J.I jisLdl jjLc ^ J jj_~« cjLJ-I JsLiJ ^ Ja^Jl cJJj j 

.AjLJJI 

Jij^Jiji^ O^J '^ 5 -^ 1 ^ lj^ (* 

^Lj^jI JJ t(Andy McMahon) OjaLSL» (_£Jul - 

jSLio L^~iJ 4J.UJI o _/xiJL *>Li L>- ^ Ss LLS" - (Phil Ingham) 

ol^c>JJ oLp j*j>J L:j^.U L-L?- ,ji>- Li jLJ OLS" LiJ L 01 . Ja,:..,. * 

t0 j-*L5\-«j tjuLT JST oLpl ajL.jUI cjLj^ o*-l -Li JiJ .4J;AJl 

ja oJb-l j AjLgJ OjS" tO j5J.I ,jJ-l IJLa jl I jJa;»^ JuiJ .^L$j>«JjIj 

t_jL-Jl oLr *LJp OLSj .<j ^>-Vl 4jL$-JI jt- Jiiii JLi ^Lit 
JL-37 ^ JuLiJl (_Jr' ^LLl» J c. jt .(Hedgehog) JULiJL o j-»-J -li 
Aiiai* aLjjj L Ji. j-Lj nj j*-^ tjt- iiks* 4iiai* JjJ- 4 4jL JJl 
ajUJI IJL* 01 ?f L$j_yi Liki£ j*J-\ j> jSJ' ^ ^Lkii^l JsLiJ 
tjJ-l ^ c->tjL 

IjjJ-l aii tdUJJj .aj^AJI ol >>Jl cv. £fi \ 
.*JL--Vlj tOl ^iiJlj ^L-jJLS' olijJii j JuLiJl 
J Ji,;all jJrl w-S' jj C-JLc- Jj aj^AJI cjI_^i>J>I cjLp jaj£ 0V 
j^jkJLpLwJ SC->»JJ LgJ y*JS,T,,~i ĕjjV (*-$J-J OLS" tS^SLiJl Sj.Li 

^SJ: IjL> j 4 aJ \jJ! SlJLj" ^ J^J 01 Lr-Ul J ^ J 
ja*J-\ \f+-Ji 0t t V»Lil a^ jJLl cjI jiV> ^Jb^-L; O^LJ' 
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5-Lill o_JLl :oJ_Jl J-a-Jl 



j_> JjJjJI 0*j j . JjL-JI ,jJ-l J—J—J ^jP li>_j 2_>-L>-jJJ cSjj-Jl 
.^UrJJl ^ JjL_JI Oi^" 1 I 1 J-^r J t3JLiLiJ\ jUll 
tUJp jli ti-bJJrl ^L_>- S _ r l 4._.«, oL\>___JJ tLlp L>_fj 
t Lip jJLWl JJLl . o Jb jJr-l oLJ~l JLc- tL_~Vl I jiJJ-j jt ^ ^JLp 2ul jjJl 
t^^l IJu aJp ^UJl 4jL_ ^ JjLaJl ^jJ-l Ija.tr.O jj.JLJl c-jljjJl 

4i___i- ol jO-i LgjjJ jJLI IJLa ^ 9 yil» 4jjJ (_sJJl t__jLjJl j*_* 

4_.q.,..-,-: <»L$_4lj j jj-L>_fL« j ^jyLJ j»L» lIJJJL! l . jou<aJl JjL-JL 

^ip t(Sonic Hedgehog) ( ^j~--'l JjLaJI j£>-j ^L>-jJl J ,jJ-l I Jj. 

.(Sega Genesis) L»>— _ ^ jjJ^-JI 4--J j»-~J 

Y__il >VL. Sui oJrl IJ^ •U*i 4 gjJLJl L. :£-JJ Jlj~Jl Jl 0 5 . 1 j 
l»_g__\_>l L» t^jJ^L; ( j-___L hSjt (_si^ ** j> (jyLT ^p j-*^ ~-~*L5 

C-JliCi .<_> jiaJl ^ L-t-iJ .jJ-l <ui jjSsj ^jjl t jl_Cil Ij^j jt 
(—9 JaJl ^jj» J_L-i OjJl__> 2juL ^ C-J £oJjJ__ j* > ____ZJ-_ 

. i_jl WaT.M^I JsLiJ - -U: . tJa-tJ ^jy?- ^gip (_£ j-£ 
Jl_-_JI _jJ-l JsLiJ Js-Lci j aJLJl cjI jJ-J-I c^-~-->1 cdJJJJ 

i^lla...:...'.! JsLiJ SSU;. 4>__~jt L^_»*_-7 ^_Jl t__lJj ^L^ jt l_->-j 
Retinoic) l_Jj j^j Jl J^^>. <— * _J-Jl 4iLl__- J_p AjT ^JL-J . I-jjI- 
-_Jl_i-l l _Ip__jL__-__-I 4.U;. J,L-iJ -t_^— t ^jyLi Jl£s_-t _L>-t — (acid 
jj t-lLj-j-i Jl jj^js-j Li _J? LJ-Lp l_l J-__>-j liL. lil ^jj.»- . j»-'-'! 

JjL__J| ^jy?- -r ?^j j-_Jl JjL__J| ,jj- J^LiJ 4__J J_U_i>__! L-o_» 

Jju-7 U_T L.L. - j jva-i-l - OiJUrl yS J U___J ^j-aJI 
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j c-^«JJ Ulj.il ji _/»-VI j^LJJ l _--S' jl\ Si ^ju c-*Ji JLiJ 
.oUI jJ-l JSsi .OLJ^I Jl ^jLiJaJl t^j.Lst 4J ^U^i, JS" 
caL^-jj 01 j-?- JS" jj .^"j-^aJl JLiiiJl Jy>- L^jjJ i_3l >t L$J ^l 
Jk..t ji 01 .< .jUai^yi JsLiJ SJLki* ^ I I? JLi tjJJ UL* 015" 
J»-l j-« ^ j^Ltll ^ j^-Sn j!>L>- i_wL> J^Cj j*<aJl JjLaJI Jij>- 
cL.L\j.1j ilj%A_i. 01 jt coJbMj ^Lst L.I cLjJ 015" Lc. Ji t±jjjiaj" 
' jy*^ J-*" J- -25 ^ L-Jup LiL>-l .^j^Lic. 01 j-LJ LiLS' 

jCjS- ^gJI Jl J-~*J L jic» t^Jaj ^P i_3l-lj>fca5' jJl 01 ^ j-*Vl 

. L^t.i< L«— «j>- jJ— 1 
^Jl tCjLJ-l CjI jJup Jb-t jA tlJL* Juiiill 01 0VI l_ 9 j*j 

^Ls^l <~»l >t ^j .o_>Jl j> Lil >t J-SCiJ JLp J*jJ 
Ot aJa^^LL y.JbLl j>j .^Ldl c-ijJl ^ lf--5j tLjsLic; 

01 .Alli ^-.^1 Lijo^i 015" 01 jiiJl j c^jUjaJl j t£ L>-jJI ^ J«jJl 
• 0«j— - Jl j t-L.LVl £j jJJl j «£j j-iJl jJLp? j tSjy^ J*^-^ J 
.<— il >t LjJ ^jJI Ljju^j>- cjli jL>— .1 ^ L ^JU 4JLLWjj, £j.L— »Vlj 
^OjjPj t^J j,— Jl J. a ; il l ijypr 01 LiSsj: ^Ja L ^ j (^t J I 

>VLL JLpJ^-^lt^jjJl^^J-l^^ >Vli^Vi 

t/Jy/jM jtf»t ?aSs-o— Jl _ijLpj JSLa^L. ^ 3Ja-iJ tSy>rH\ oJL* Jjbj 
UU-I JL. aSL^JI Ltj JLiJ ? *JL^-Vl i— ijLc-j^jjP LIj? LjI jj (JlL>J 
J-ju (jjiJl «<j?J>J' c/ 3 - 0 ^' (j* -^i-^J Lc-lji ^jjiJ ^ 
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SJwiil obJr-l : Jjlill J-aiJl 



.oLjjjU ^-LSl ^ytlj cS-Ulj jjJ La 

^ 

^JLp ;3jt*V Uj-^J 2ja......; «jSCij ^ytb (^JJlj J?0 

^ j£- jLS" .^LsrjJl ^ya-j ^jy.L" tJ»t^ Ljj' L.L? ^kiiil oU-Jl 
^Lr-Jl L>- jJj^j c-Lo-Lp Lgj ^LS ^Jl tt_jjL>»iJl ^«jrtj ^j-Sj jf c£-^j 
Ljj fL» ^l lAa^-J^I oU-l ^ j-» i^kiiil JJL-Jl ^jip ^SJ 
jLwSfl jjki> .oL-i-l Js- ^jylJ iwJjLf ^^»- ii IjjJj tjjjuL^ 

AJLrJ Uajl LJ jjJNJ jl (j^-J LjJj jjJLill j-» £^ jJ olj 

tS^J^II jJLLLl ojU s ...,,.oj .Ui £-LrjJl j JU-I ^ US" cij^ 
Ujjk ^Jl iHLj >>Jlj iaJI jjJI oIjj^I Ju-uJl jJaJ jl LlSJ: 
.^kiiil j&\ ^LsrjJl jjLJ ^ gal i jdJl 
jjkj ^ j2]\ (_jijLpj jjkJ SJjLiC. a^JjCJ jf LuSsjT (^JJl L» 
ja L-Jjt J ja- ^JjU ^ ^JJl L. coJi j> ^Vl J ^Ur-Jl Jarj 

?Ji"UL» 

3-j ji — jy.Lj c^JjjJj t jjJuL- ^^ki LtJj' — ^L^-jJI i—jl Jf I jl 

.^ijb-U JSLio joJl j^j Lil IjU- 

^L» ^l liplj Jlj i"Ap~\ jir\ <-r> jLf ja <t\^£\ /f t( ^A JS* jl 
(_S^ (Jt^ tSjJ^ 1 l/ 1 ^" 1 ls^ Oy. 1 " ^ jLfj cjLJjjJj JjJJL- Lgj 



_JJ_-I_ <SL_Jl 
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JL__LJl _£>- LuJj f< ^Uaii^l JsLiJ 4i_2_- L\>-l! _►>■-» :L__jI Lil J_>l 
JsLiJ <ul__« OLi .LjIj LiTj .LjL/>- _____» jj_ L_~*>\_nJj t^j^aJl 
jl jj^-t j-.-Jl JUL-aJl _£>- ^ a yils jl tlJL^r J-«_»j° V --'LL-L-J 

.j_Jl Jbl ^ -jj^S" CjLa jJ-j i, , . ..." 

(^JJl to jjkj _jP jLjJLl IJU ^ _>*>__-• VI JbJ_£ cS-Ajlj ^ljl --- 
J_* oLJ-l ^l jJL) aS*>__I j__p ^ilj p_fj . LjJuI tL_j ^ji 

oL» jii**- ^j» 3JUf Lv« jj-W LjJ J-*j toJL__*- LjJLI ^Jl a_L_> jJl 

?4S*>L_I e__* _V-P (JJL. Li tl»^ IJUb j_T jlj ? U-jI <J _> 
fJil _____ __-V» _5L_J_I LjJIj ylj _>___! _5L_J jl 

jJl ______» .Lgis-b ^«laP J-V~ (___-* (/^ toL» jJUJ.1 

____- dUp p»_v- -^JUlj Jl_- JLp -jL^I J_-l -jLdl 

.Lf_»_laj jijj . jv_-_ll Jl f L_ j jJL. 400 U ^ J^j _-_ 0_"L>__-w. 
L$__>-1 ^ J__*Jl __Up ___>r ji__ . L$J _^lj1-I S-i^ J^ 1 -J-=*v* 
i4_-_L> jl_Cil ^ Ja_i_j ^ j_aJl JLaJaJl _^>- j_T jl _-* y_J $-jL»____>I 
j jSnj jl aj^__I a-L» i_,_-_f jJl Lil Jp\ L» j_p <o Ja_i_j _s-_l 
_5jjJl _,_!__>-l ^kUii-J jl L_LSs_»L .<-_>____« Lg_SCJ i-__J 
_L»«jI ^y» _^__- jjJ tl ;»Wt.»>I jJ (jJ-^j ' j-~»Jl Ij-j-i oIjLs -t ,- * ^ 
. Ljj_4 L$Jp (^ j>_J tAj" _>_-„,. U oLil jJ-l aJ_* «usJ 
JJ-il ic$ >V» -JL_-.Vl UjJL >j aJ-1 _> >JI -51—5 jl 
__i ___l «UiPj _^j _aJj»o jl _^a»-i (^V ^jSCc. *>Li .3_u>- *>Ul c>l jLJ-l 
jjp jJl __jjJL* ^ Li*>L>-l jisl tjipjj jl4 jl j^. Vj : jLJ^I -bj 
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SJUiil obJrl :^JUJl 



Lbr »-Lju jL_J^lj (jijjiJl aLaJI C-.-Jj .<_>l>Vl 
Vj . v 4jL_J V L_$i1 >V tf .h»ll j£*Jl jl Jj t ._....-Ki 

(j^LaJaP — S Jo-I j 4 - lajJ jjijl t* «. Juaj ^ 4Jws aJ L» ^gls- Jj>-jj 
SjUPjJl J?-Ij ^lJa*Jl jJj il .^,1 yiJl 4jLpj J 5 ""^ gS+^ — — 
LaUaP \ ,j>wj .4-Jaj jPj 4S\_«_v-j coj<_— 4j 2jj jls c ( ^./7«tLS' 

«JaJjiil jijiJlj jijiJl itLw.1) ^JujUaiJl ^ 4Pj__t* LjJl ^S- j 

Jl J j^. V ^Ja-.Jl LgJiC_* jV taj jj%-iJl _tL_-Vl j»— Ij <_> 
JuLiJl jy>r jjj jlS' lil L_i i^lii» jl cjj jl lil .(IJjI 4_^li ^LlaP 
jL>J V i i Jaii ~>l >Vl Oli oUI j^ Ij^ _3I >Vl j 
i,j~Jrl jL^J V i tdJJJJ AiU>l JiC J L JL" UJbt L_>- 
V >Jl jjl j> ^ ^jj ij\ 4J yi_b 4_L| iJLw^l j-1 JL*j. t^JJl 
^JL* t-^Lj - ^ j2]\ _tL_-1 jl ?li > jl SjLpj jLSl s\ tJbr jj> 

J5\JLi jruilail 

t> j (3 jj jJ> j^.^?« Jl 4>-U*j LS' .4W..>.; J jVl L_IS\JL« cJLS' 
i___>s jji j jiJl ^^Ip J j~aJ-l jf C-J J-J . ^Jaiiil ^ JiJl j yiJl 
— jji jiJl t_-j j> — — Jaiiil J* jil] i^-wjL; (jSsJj ^UalJ^I jJ *jL 

JLP ^Jaiiil ^ jiJl L.Jww_*1 j t J- jiJL ULb dJJJJ .UJtot OIS* 

.(ji ji!l (j-« LijjL^aji i_j jJai 
tjjjwPjjj^-i jl t jfi JS' LJ ^j^wij jl <u5C.I bjj^ UJorj JiJ 
>_J (j>«jj L?*wsLi . S-wS—S/^l ^ip ^ j_<t J9 jj 4_Ji?- jrJ*^J J' 
. jr« : :lLS' 4U.LwJl ^jaJI (_JLw«- ^ Liwwi Jj— f j 
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.Aij^j «.jlJLS Zj>Ia jjl y (_$JJl _J U jiPj jyU 3p jjusf J^p y J JjLJ 
^ j-»aJl JjLiJl pLJLJI Jj>-j c 1993 ^Lp ^ jruL <^-'L>*jl 
yjj ^>.j . jL-J^I (_s^-j -JLw^^ t3jiJL>cil ^U^-^I ^ iJ* ^ 

^Ja-oJ-l c^j ^gip I jili c^JJlj 015" i.jJ--l Jj oJlJ-l 43 j«il 
l/J ^ A^Jaiill ^ijjiJlj t^Jji^ gjjjjl 

>( ji jiJl (_£jJ y& JjLi .j^- IoJj>-j tjwai 
IJL* JaJL* J oLW Jl £-L*i ^JI t iL-^Jl 

?oL> j ^ L. c jJJi ^ ^l j ?uJLl 
^ji (_$JJlj 015" L»Jjjt- j_Jl i_jLiL>- ^ a -ULiJl cj^L>t 
^ ,4*»J__Liil ^jjiJl jjiaj J^L>- <oL.jj ,jJ-l JaLiJ jl$C. ^jP 
L_5" t^Jaiiil tJjJ AJIi cijJl j Ja.i--j ,jJ-l jl5" lil UJ V jl 

L__i ^-jj .>-j-b--j L. __Ji> jl5"j .^UrJJl lJI }s\ j JU-I 
SJLlaJl cSjLpjJI aJ>\£-\ 2_$jA-I ^ 2b-_--jVl AjuL ^ Ja_i_j jl5" I3I 
^gip 4jjL>-_j ^jJL 0VI j .L__jj -_j-L»-j, L. jJJi 015" j .L jv--J- SjtsL^Jil 
jJs> 4jLLh_- C_J lilj .-_<_-.tJ-l 4_is-_IJl o-l* CJ15" J_SJ .1 jyLJ 
^gip J-j-.* 1 *-* j— i ti_jf _Jj ULjj 2-j-lJl CjLI j-J-I J_*-l jl t4->-L>0 

t J>-VI -— ilj-l ^gip ^ j-_-Jl JjLaJI ,jj- J->L_-J L}J. ^r.,-;ll ^ja ~*J*ll 
c4_ia-Jl j-»->-J. (_£ JJl j ^li .^UajJl ^ oLpLjaJ Lj-j»wij Sjjl-jJI oJj*j 

t Ji I Oi^Lj jl5" lil L^J j5tiJ iLj-A^j j»J ttjo' f ^^'j 

.^W -Ji ^ JU-i j* U5" lJ>ji ^ >Vi ^ 1 ^ 1 ty -^^" 

.lJ >JI ^y. >Vl ^\Jr\ j u^r\ L-JJi h..^.;T t 
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S-Liil oLJrl :cJLt!l J__Jl 



jy>r ji L»y- J_J . Jj jj_jl jUaii^l C-S j tUr 0^1 J .*^JJi> J~a>- JiJ 
JU-I Ljf t UjJj| ^ LjJli 4jL jkllj i-jjNAii ^ jwaJl jjLi!l 
_JJi _J1 0 j$C~j liL J .A^Jaiiil ij^jji^j" J^J^ —ijL-j 
_1p J j_a>JJ jjj+i jUai^l Ldp jLT Y^^jJaJl JiCjl j± 4ir 

L JS"j .AiLLiJl yjuJl t_JL_4-l J^-b jjkrJ A_>rVl cJLS' jJU 
cJLS" JiJ W L>- _n-Jrl OLS - Jj> jA _JJi JM>- a_» yt* 

.LJ 2L__Jl; 2L5 jjP AjLpjJJ aJL>-IjJ| AjLUAl 

juj tLij ajL__JI _Jp "^L-JL. "yLt* aJLj-JI *t<7s~J' cJLS' JiJ 

Ji! .51 jji 0jj*<3 L^JLTj j^JiJ SjLpJ '2-_UI a\\ ^jijjJlJlj ij^JjiJl 

jAj <._. LUJJ ^L»Vl ^Sl j Ja.o.j. Lg-jS" J> Aj J( jk»ll ^JuLpjJl cipLjs 

• »i >Sfi oi .jm >Sfi ^ ^j 1 ^ 1 ^ «Wj g^ 1 t*-^ j^ 1 

(_ijLpj i_~-S' ji ipLiaJ ji jjlJl _iJlpjj <._il >l i_-*S" y _ipL_J 
AJIj y Vl JULiJl jJr 01 .L_yt ^Jaiiil J ^ J J-U ^ l__* tji i 
_Jp 5 JjPr jil 011 jjJl Ol. JS-L^JI ^ AJjUlil £ I jiVl ^ J 

.11* L.jj j>. ^jSTI orj 
^j.L^Vl J*>r jA ^'j^-Jl J-LiJl jjjsr j-T ~b-t ot 0j^S"ii JL» 
JsLiJ AikuT. (JJjo L_J Lutj L_fj .y-^l jp L-Jj>-t oj..»"« 

oJJljJl l-j j* _Jp bLcpl jjJai ^l t JLS1 jjJl ^jj L t t _jUa.g.T. M 'jfl 
I ^ JjJjJl A..»..U JJiJLi ^JiJjL» ^ SjLpj _J j_£ .(jyLl jJUai 

^»11 oJla J*4 01 L-SCc Jjp .L__>- aL'L_u jJJ ^jJl tAilCfJl 
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j-cJi> aj ^ (^JUl j JL»-t ?Ll*jLsLS' t<_£ >>-Vl ^jp L*ljj>-I Sjlbi 
oJl* jy Lg-ajsjj i4»j,/j7; j*<aJl JuLaJI j\j>- f l£ JJl 'Jyjj^L; 
ia:all jy*. j»|j_i__J ^.j^ <-* J -fI' 015" .SJLLla-tl A-lSLgJl ^.aJI 
^JJLL. y j\^>- :*JLh>- ^Jj 0^1 Ll_jJ dJJjJ i jLoJl (JjJ (_Jj~-Jl 
. t^k; JS\_io jis j^ (Jj~<-Jl JjLiJl (jy^ (jJ j jyiJ a j ^?- 

?^JaLiil jjyiJl jl ^iyiJl Js- J\ y;l uyjj^l ^iii-il <J j^s- J** 
cjJjxj V jl L_*lJj>-l iSjy-Jl aJj* Jil jl_i ^k:» jL>_p ._1Ll~ 
jt j c jl jLiJl _jP lJL?r _JlL_£ ^J-JLill ^ yUl jl (^jrL*.-* Ul*j 

*>L*JL« VLt» j j5vjljj sjLiJlj .jolj" J (j*J ^gJ j__Jl j_L_!I j_j>- uyjy. 

■ j; _-»-; aJw* (_g-MajJl JjJ_~> jl AjLtll 4j>t__Jl j jS\J_/j . LlU-1.5 4-Na .mII 

(_£jj ^J j_<aJl jjLaJl j_^>- jt a j^Ji» .(_£ j^ 6 ^' j^ L*|J_>-I _jJ_>J 

4jl L* J V L jpj j .LjJ i j_>- jil _JL5- ^J-~JJ y-l 

4jj_<9 jjl jt ^yJU ULjj ,(_£Jj jl J_J>- j^ jjjjjj (_5 Jjlj J»lj_>-— -I £-« 

. Li>- 4^jL,.t.7.« j jSll\o 4_jljjjl 
y-VI L_-_t*J _jP „rt«fl i_i>'>A_>-l J>jJ_>- J_P 4_Li i- 

^J-P t^Ls^l J*-J Ll JjLf J^J~-> Lajt j_ji-l jJjjJ ChU"t__»I Lc|j 
(__~-JiJl cJLS' LoJLS' i^Ji j~a}\ J___ill j\j>- a j jlfC j-« Lgj j9 ,j-L>t 

Jj >, . Lj__ Jbwt j jSJ ^Jl j^. jtsl 4jLb- ^LSJit Ojjls UJS" c»_j yt 
IJLSCj* JUi J^Ij 4o glL j»13 L. jA jliJl jjj jLS" JiJ tSjL'! jj^Sfl 

tSJLs-l j a^Jap cjJJJlj L*jj>- j ^Jl a^aJU-ijJl» aiC<^Ji ^SCi 
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S-Uli ^lJj r«£sAsfl J~a^t 




LitLiT ht-Ultl ^jui&jJl jjjgj .*J~lxll i^-Ulj ^JuLt-jj (jL~i) 
ix*L>r JlJJIj j j^aJb J~!a£ .£■ L^jJl tsJjti IS Ltli & j* i j j~oS" 

.jJ-iSLi 



((<_JjJjJl)) tl CJIS" JLoJ oki.ll JSL^JI ^ Lnkl* ji 

<JL> j$^>'\j . ^_jjLc-jJl C-Ij ^l 4~>r jJ jJl CjI_jJj'I ^ ^ 
tu i ^l iJL— I j t J UJI5' Ubi ^LijJjt JLp ^^i-l L$JJ ^>jL»> Ll 

i » f 

i-j ^JJl Jjt j jJL» .IJL>- i»Lp ^ JLjLiJl ,Jij>- jjJ jl ^jUJJIj 

.OLJLI _y» <U- Ju ^ jJb ^jlJ iLil jU\ *\ ^JliLpJ CJLSle-l j_* iLg-n-*^ 

JiJLaiJt ^ ^iaJl LfJp LjL'! ^l iSiSLt^JJ L-Jb IJL* JJl L 

J j^Jl IJia jl ^jC Ljil ?vJl >l Jl ^Lp^JI J j^ - jLdlj ( J $\ 

J jtiJI ^ k- - * : JbJbr (_£ j jJ jdaj- oLiJ L yo..ja."j jl j^JaaJl t£j jJalll 



LlL-b 3$L..,Jt 
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SjLc-j jjhl ^ i\tX,:\\ liJULsS" tl-b>r 3jyS oL>- ^IJjh^I j-o-a! 
£j.Latj i^jjjJl £J.Lst i_J>l ^isty ^jJ j^J iĕJjJj>- (3 ^Jai c^ji yiJl 

.ijy»-LiII 

JLp Oj^-t ^JI c^jL>Jl oJl* ^ IjJbr jtSl JL^- *JL* ^SJ j 
Lj*. -L>J ^LJUl ^ J^jJI ^yLT {JS*^\ . t _J»JLcjj! j ,_>l 
iJJo\ j ^JL»«l*-lj .jwJl <JjJ ĕ^Vj C->Vt>L>-l jjjp Ujy>*J L>-jJl ^ 
JjJ .^kiiil dL-JL LL«> ^jP li-i U j^J S^jyLT jUi£ lJLcSI 
oJj^L ^Jl t«2iJL>-b 4>-L>o)) ^L>jI ^ «Ll>-ljJl ^jLiJLJI)) oJpL 

Cj^LJI l)I .((2LU-b 2L>JaLL. aSw-)) .sL>j] ^Js- 4jL$J| ^ ^JJl j 

. I a.o p *>L?U aLs>L. LJ-I oli jJL>J.I ,jy 



L_Jai JLii ^j-jj C-5 jJl y JJi Ja>- jL^>U jlS" Jul! 

Sjjiiil *UapVl (pantheon) 0 jpL. .L$Jp 4JL.IS' Jj*L«o u~**~ 
IjjLi - LgJ 4j UaU- ^uJLi Jju jt pJxi* Jb-I j JS\J i] yl i_i j->- - 
jLi tjili .LLJl l^J~\ Jl «jUu-Vl J*a" L. 

oULSsJl Ldi .,<■? J j>- cjL» jJUil (_jLc- j^- ĕjJt^aJl 

jL*;AJ jt Lj" . jLu-Vl 43 yi* jjj L.L^-1 iaJ-I 
J jVl 9 j-«JJ C-ol«J LjJLP ^^is^j J*>U- 4jV i J V^JLj i^a\j- "^oJ&t 
^jP ii->«JJ SijLlSsl^l 4jL>- j 3 jbl S.ii.^j toljb>T.:..ll Jbrl i^i^" 

.oljU>:,-ll 

JLjti .ywst ,*Jai Jl j^Vl oUlSOl Jj j>*- tjlu-ty "—p jl 
jl .(Jjj^jJIj i^JaiJlj t^jjjJLi jL^SH ^ j-Sj c*J cJjLii LgJLajl 
jS\ «.Lit J5l oli jJUJl ^jSo" jlu-ty j uJ^ ol i el jity 
LJ ^-J ^Jl oLLSOl (^JJ ^U- JSLio 

.jUJl Jl LjJUu.1 JJ «Lity ^Jai" jl t jjji Lj^i ^JLii jl t JbT 
.5 jJlmJI iJLw-Vl Jsl Jl £jJ 'jjiJl iJLw-Vl j? Uuj £->w» j 
iJLwSU ^Sw t jljj"! J*Lp L* JSCiJ jt jSCj: jL*Vl JSCJj 



jJLU-b iSL-Jl 
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^jSCr j . jLuJ Ljj -J jLS" I il o jjjS" iJLwt ^jLc- (JJJcJ jt o jywaJl 
^jLc- (^JucJlj c<_JLil ^J-I j2-i50 LgjLu»! J>Jb>tU»J jl 0jJu<aJl iJL^jAJ 

. jjSl iJLwl ^ j^>JJl iL.lS' oLv.ja.* JjLuJ jt coLo^Ll 
..._..-->J AjLu-t Jl ^JaJL jl j~>- tj\ J jj» I jjiS" jJjcJ jt L^Lc 
Sji^Js jLu-ty ^jLc- i_il j^-lj ttJ<jjL>cJlj toL jiJl ^j-^otj L» LlLcj 
St^i-Jl <uJiJ e/- 1 LjjJJ — UUSl K -4^>-*>Ul oLljJ-li .d JjJl 
^Jl t ^»Vi,..ll jLu-SfL tj* oLJl Luj t( ^>JJl ^JkiJ 

<LJLjl*il <u_JiJl jl .L^jtisj i_jjJ-Ij (jljj^l jLa* ^ L^5\jf 
jILp ^-LiJ JuJ .^j jUl J ^jj^ijJl tLjp Js- <uiL>- jSsJ >l jLu-SU 
ojLpI ^jLc- <J jJJL (George Cuvier) j&<£ £■ jj^- yJl £jj»-Jl 

cMJLi <ui LJL» I Jj& jlS"j .eJb-lj j*» jA J-»LS" jl j-?- J5v-fc i jS" jJ 

Jg-o-J Lji I j j»JL5J jLu-Vl jl SS^^w» f\s- JSCij ĕ ^JjCjJI ^jSsJ j 

. jl jJ-l oL>- 

jA JUJjJl LjjJi c^Ljil ojJjCj o'iAS'1 Ljt jjjl el jit ^JuiSsJ 
5j>rW,«« ol yLi ^jP ojLp cj»jWI jiJl ca-^L^I LjLu-ti . jLu-ty £j jjt 
j^JaiL^JjcLWUJl jtSlt^ljv>^l t oLLllLjLu-tj t^JaiU 
t(premolars) ^j^-l jJaJl L»t .<LJljJ-l jt c2JLJl <L»_~J 

.(j^jJs^lj ^vJ?l jjjl ,ju ~i\ly>J "LiJ^J ^gJ» tl n g Lo 0Jj>-jil 

^..JaC ^l cAiJjl jA tL*l jit oLiVI (^PjJ-o jtSl jl 

Lj-Ja.».; ^j» i_j jLSJ jJjLu-t jli cA^Lptj Ll_>wi lil .LuLals L^j 

JiCjL. \ju> LJjJlj LLJl jLu-Vl J;W;J o^?- tLJb <u-Jj ^-J? jJL 
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OlSU JS" J OU-Sfl J-~^l 



JSLio jjlki UjJI j LUJl cA j-Jl j Ja^xll j t_>l jJ-l oV j SjJ- 
j»JL* jl cAjLLI-I .ĕ jjJS" StU^j j»U_JI jcjai 01 LjlSs^b <oli t 
cLjLJ jja^ Jl ^jjj 01 jSCj: aJjLJI j ih jUl 0Lu-Vl jy Jj. UaJl 

.OLu-ty fl j]j 
OL^Ii . CjU jJUJJ I JLj>- I j Jwi» jL^^I CjL"L>»I~J.I sUIp Jj»«j 
^ L)Lp 3., , .. ; ^..jjTT L$J Lll oV ^5j*>L^ l slj>-l j£Sl ^ 
Jj>-jj Lt* ^gi?- (_jLcl <L-J j 4(_$ j ji^ CjIjIjI ^-5" j j J_jb 
jtrVl *jJL| j j5J L UIp jL^Sfl Oli cLjit)U» JjajL j ,f UaJl ^ 
Js*-* a_U L~J_4 .^Jl ctlj>-Vl jy. Lt> jjL£ sUJl ^jLp s jJS 
jl LCj cLk?- j—J- li-Aj .V-* J' ^ j^J' i>* -^L^J oUU*.:. Jl 

pUU«-,..Jl J 3 ?-" Oli 4 jl j~^~l ^L«Ja J j?- aJua^ ^jj'1 J j>JjL" jL^^I 
^JJcJ ^Jl t4jiJb>Jl (3 JaJl Jj J j-^> jJJ < IJLj»- IjUL. LJ j>JjL jl j^C 
LaJjj . CjLjJ-JI ^tjjlj (j^sb»- J5s-_u ^s^a IJLAj . oLil j*J-l LjJ. 

cjLjJI f ^>. jj . o 0L--I oLj.LtLLt c3^L__>> 0L\J i_j_»-l j JJ 

. jL^Vl t_Js cS^L-* JL-^5" ULp jJuj oUU-i.Jl JL~« 
jjiS" Jl jjLiJ ^Lity j 4 JU*~JI j £~-L_JlS' aJ-I J_»-l j Jl jl 
^j-ij LJ^Lt.-*— «L_Jl 0L_-t» Jju y oLjJdJlj»j Jjt»r ^Jl csL-ity^ 
Lg. ■/>»■! j ^jjJS" I g ..^ » ! jl j* Ljijj JLj>- jjl t_i»^L>-VI j cjJsUJI J^-^ 

Jy j^AJl - Jjjl JLL.^1 Jl Uajj jjJl yCjL . jji^ j*-VI 

.(S >Vl oUjJIj jL-J^/l ^jJ -j^jil - ^JjLJIj LUJl 0L-Vl 
OLi cJaii sJj>-Ij 3 ^ LgJUJ cjLjJjJI JjJ I > Lj 4jl Jl SiL>l IJj* 
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j*:.-a J^-^j OLl^Vi ^J' >;"■!■ » cLjJL»- <lLi? L$jL~J JjL> t<^Ju-l_jjJl 

. Oj%Jxjlj cJ5\J LJ5" 

JjJjJLJl £-JaJ.L) oLuJdJl t j>«-> LlSj jls — L« IJL>- (^-"LjI tj>- j^Jaj 

0 jJL. 225 ijy La ^J-j cjILJI *L>Jl £^>- ^ oUL>c.i.,m.< ^ — 
^y, bJip Jl4 if JLity jj>waJl ^ toJL^LSJl JLlp 0 jJL. 195 Jl 

',>jl £«J t> L5^J C j^> j^' c^-ljjJl 

^^■i c.JLaj .5iL>- 0L>>l LJ L__l* JuJuJlj cĕjjJS" j»-rL<k>- LjJj 
Oj£"j di» LgJ t_Ji>-ljjJl »JL* h_jMSJI ^ ^jaJLJI ^Jjo .<JJl 

iJjb . Ln» JL>- J^L^; J>J"-J V ^l jJl J L^JLl^Ij cĕJuJLP ^OaP ^ 
JuJL>- ^j-jj j-«-*! It—A>-ljjJl 3JL j\sj Ju.t.^" c-JLS" L^JLlujI 01 Jl 2iLi?l 

. ol j-J-l ĕL>- 3-Ll? _,>-l ^j>uj 
.oLoJdJl j^h* :LLc LiL^i- Lwi Jl£ jj>wjJI ^ ~>Lli ^LaJj^Li 
JJ.5 Jjl (J J Ol LuSlc .oiVl J| Ji*^_} lJLJI fUaP 

■jJb- ciLUi J5Lij tLli L. jJkJ ^JjLJIj cLLJl 0Lu-Vl ol 

J5\ j Juj c<_ji>-l _j jJl J SJa^u <Lap ^jP SjLp 0L$" LJ : Uajl 

OLjj^I J J> ; ~.-" cLajl A^Jtj c-J jJl ^j .oLjJdJl J ĕJu jA ^lJ?»^ 
LuSlcj .Ujlp JlJ-l ^ LjS" L.LC cOl jJ-l ĕL>- "JJ? ĕJb-l j ĕ yi Jaii 
yt yA>- t(_£jjA>-Vl J>«-~Jl J& I j.»._.«->- oljjjJcJl eJL* ^^Li 01 

.^jwaJlj cLL j»\ i_-> j^>rj '*-!JJjl J ĕiJL>J.I £jljJ-l 
JLp"^- 0 j-JL.200 Jl j-^- U^^-L^l i jj-^aJl (^j-^ 
(Morganucodon) Oj^ j^jjLp jjil : Jl* c,_ya jljiJL) olijJii 
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.oLjjJl£T jJJ cJIS" ^dl c(Eozostradon) jj^l j"—jjjJlj 
jl .l$JU-b LL. tlj^i j^JaJj t jliil jt-srJ-l J Jj.jJ V CjLI jj-l 
. <UIJ& J_a "jyiJl cjLjjJI «Jl* cJL^ pjT (j-^jJ ji jSO:. V jjJiJl 
\jd* \ ja\ JjV 3 ^^«JJ Lfll* oli jJL^ oOjbLL* t J 2^JLj 

cjLjjjJl "^ij^ ^ cLLdl oL-ljjJl "JLsT c.l»o L^jlp 
LuJKj (^JJl ij^£Jj>- ,jiojLj jV iijlijU o^l Jij .JjVl 
t^^jNj ^.Vl v _/Jl ^ "JLJ^ScjjI CjLUj JjjL t J jVl J-aiJl ^ 
ScjLjJjJI ^j jJaJ SljLST oLOLp J^j£ lj j^vs Jj£ L» LJb cJlS" 
jb" JLi5 tL" : ">- ULilC^I J*jJI 015" jJiJ .^ja.JLt oj~JLl LpjjJiJ 
jjjjju I jjj^j jlj iĕJjJj>- ^il j> j ^j^LI ^jp jji>t-j 4jL jit ^tjjli 
2j jjb j> 3p jojsf ^jiojli ^-^T J-"J • j j >»-l LgjLi^i*-l ^Jl t^jS^L.*^ 
jjjj jjlijL» ^jis^jk ^ja LJUs ^AxJiw« toLTL>CwJkl ^p j^-Ul ^ 
t(Harvard's Museum of Comparative Zoology) jjLiil jl jJ-l 
t(Bill Amaral) Jl jL.5 J-j ^jy) ,y>j ■ jrJ-" i~JJ "i jJ _J.I j-» "j«Jajj 
. (Will Downs) J jb J,j f j^- JJj t(Chuck Schaff) i-»LiJ iJ j~"Jj 
. cjL'L>cJJ (iLc Jl j j^ jj ^ ^jh ^Ul t V>* 
jL^-V i"j jJrl jj~aJl j t"^r jJ jJ-l JaJl _/Ll Jj yiJl j ^pijl* ^/ji 
L ^ — j,J ."jTJi CjLjJj ji*L>-i I jJl>o jl ^ g ■'^ C c— >- oJpIj (jisL* 
£JL*jjIj <_£jL>ws jjJ ija a_i j j^^JLs-Li j y$ j, I jjIS" - jutf J5" 
JJl tcJjJl ^j .(Utah) «Ljjj (Arizona) L jjj jlj t(Wyoming) 



dJLUb iSJ-Jl 
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cjLjjJI j> bJip I j0>- j Ji I y\£ 1 1983 f Lp j i aJ ^ c 



:cjIj-uJI «jJ-i; cJL*b JLaJ .A^L^Jl cjL'L>c~JI ^il jj>j toJjjJr-l 
^51 jil j> ,_rij*-» jj i jSsi tA^JLJl ^^SOlj o^Lill o«.l J J-Jai*» 
.oLjJJJI J jt jL**/jj SaL>2>JJ j tALc>J,l 
fl _/>w ^ ^j jjLl j> *L>- oljL>r7i..ll j^Ip Ji^- (^jLajJ jl 
.L»L? aJI jJup cjLo-gil cJJj cjJj tAjljJl ^ii . J-jj iJLJJ ^ Lj jjjjt 
^ . j ^ « L-*Li»5\i^l tAj jJ^— otll cj*>Loj>-L; a-JoI LlJj C— j«i jj Jij 

AjJL ^jip /.^ Jj _yUl jL5" .L.Lc' cJJi _j-JXP IJj Ailj L»j .AikuJJ 



|j»^J>j:.oL4I J5"_^ jjjv£cj jji>-Ul jli"j t jjj^ailj-. 
j, JjVl iJJLSJl £jL-Vl J%l .^kJl Jlp f Ui*Jl j> t l^t _jp aJ 
LsA>-li tCjl;L>r7,..ll jp c~?xJl IJjI c^5"j .Iju>-j (J, jS" y aL>- Jil 
.^rh. Jl ^jIp jJaP oj^ AjI _jP L>«j j»Jai» JSsJ^j Laljt o y>w? J5" 
iJLiJ jl5" .tLil j> LJj>-j L» ^ys jjd j L5" t^jj J5" ajLjJ ^jj 
tcJJ i J-«^j L» t_J>«j 5 jIp Jj jlSj . ^Ua*Jl j> t_JLL>- 5 Jjp j^>u 
J*a>-I jSl jlj . (_£ j>-\ tL-il jl tĕj_jL<aJl j»j>-L«ji-l j* t-t^^i ^yuj 
.a-<JjJI jt Ll jij^" j^Jj APjLiSl ^g^JLs-j '«(^ ^jLp 

^ (^J*-*l j' JLj^-l j* *jt CJjjS tcJJi j> ^jLxt Aajaj Jj«j 

,JUj"t V J tcJJJJ ^JLLU jtsl Ajt IJj JLiJ .*JLU 

jvi j t^jct j^JLiLi IJljl^ iJLiJ jl5" JJi! ? jjjjLl jji tLi^l (jiju. 
^gbc. iJLiJ jli" JuJ .^L»Jl oliUiJl jJLp ^ AJLjJaJl aj"j«jL 
Ajj^ji j»-ij t jjL 5Lpj tljJ>- : jJ5"jy| 2j>- j^j ^L-Cnj i_j ^ji- 
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j_C jr j jL-S[i -.£.1 Ji J~--Ji 



ajL__j\__-'VI aJ*>_>-j jL_»-tj (^y-*-^. j-* - ^ « jy. y^ a_S\J 
J_T ^^jA^jti) ^jSsj J. tV jl .a_u_»I ji- aj.jJ^-J' c-»j->-j tAjLLJl 
^ .lili i_J» ^l ^jSl jl (J c-Jb-l j jL->«j j_f L.~LPj tjj>«^aJl 

_JL_Jj U Jidl l_JLl5 J-_J iaIS" IJl» ^ £ j>_U jjL. __JL>- _JL_* jlS" 

- jj_>w_Jl ^ j_- ^ Ajjj ^ ^SC-i jlj .Lg___4J ,>jVl -_*-u 
^gi^-j c_Tj5_»j LjLu-J ci>jd L-LiLj OIS" I o ; : ; . aJ_>-I_> tl ij° 

.|^L__M ^jA LaJai 
Ja—j ^ ^jj-Lj>-j jL_i_C jy^j>t_i ^Js__- Aj jjLl jj___!l cJlS" 
4 ?■>,.>■ II ^j^l j _^L__Jlj J_JL| jit -L_C ___>-- c-J _> jJb- V J^__. 
^jS^L ,jJ_>J L_r _JL_Jj Ll LuiCJj . jL.Sf S jjil aJL. ^Jl aj.>w_J| 
CJ-T -LaJ .d ^pw-Jl ^ ibj^-jil oljJ_>__ll j ^Lij^Lj tJaii 
cc->L_» jj ^s-jj. jp LgJ j_5 jujj V tojJts_» L$_p L_?_j ^gdl toltU,;..!! 
cjJ_w jJ aL*--<>J-I ajlJI oJl* jl .|J_>- 1 j%»_s_» IJl* LiLp j_f j cJLS"j 
.Li __->>iJl ^ljjjLll (jj\jS>x^a}\ J__l! ajL>-j ^Js Ij_>- ^J^Ij J-*--~-! 

c^j/sjS^I A^-j ^-Lp -Lj- jJl ( j__»___J| jj- IJL* ^^iij j_f j CJ yi_- JLaJ 
.^LLSn ^ £__i _-Lp jS_> aIS' tj*y>?j d\ j 
Aj__- t _'L: a_uL_'I c-_S" L__-j jw_Jl jiJL _JL_J j_f JLi! 
_J_ J S' L.L? J _Jl__j jt a__ CJijl Jui .i»jj J_T A_-jj ^ J---»Vl e-J^r' 
c^ii_ii t^Ji^jP i___>«jI jl (Jjy^J jLS" j^ 6 -"! jJj o^.j .^Ua*Jl Jorl 
__JJ_ l-b Jij . ^J-. J\ j>^oi\ A*__5 ^^-J j c^l ji A^JajiS' jJLj 

t^jL^ojtr^j .aj jj^j jis-uijij.i^^iji^^ 



dLL^-lj iSL_Jl 



p\ ovi oir .^»1* jJi Ji^ rji jr ^ jt c^r ^i vi 

ijju tLjJli jjj^waJl ^ c-i*-j jLS" (_$jJl cilLtJ jLS" L<cj L>-l _^-l 

• <J» >^^l L?*^. f ji JS" 
2UJ«t c-j£ £-Jj jL-VI SjJai J _ji cJj (• LVI -^J _y tl j^>-f _j 

t4_L Jl jj>t-^ajl ^JsLiil jiaju ^ oj jpr y* C-jlS" JlSJ ,t\ j^-^ai\ ^-.o- A 

^«J Jj^j. LuJJ 015" JLaJ . jLgJl e. jjaS" 4>t^s! j JLa cJlS" L^-lSsJ 
. LiiL» ol j (_£' ^j*' (_iL>»j jlS" JlsJ t(_£ ^>-l o j>*~0 4jLj I j jj>- j* 
oJLa (J y-Jl jL-T j .^jj JS" tLsl Jl JjaJl c.:'T jjj - LLi ^^J L~j>- 

f f # ' e 

015* JjiJ .^UajtJl j j^>t-MaJl J^J t3 t4J ^'j ^ji 5 *"' jJb o^Il 
j^Jl 015" JLii . 4i\ Jo>\ ^Js- (Jj^j _j ^-JL» ol j UJlLP j t£-JL» j~Jl 

j> Jiif ^Jl tjjJli-l j_p _y> tL^L' :>jJl j>*>- "^LLS" J jjjtll 

.kji^ju (_^l cjLpL» ^j) jj-^»Lp jiSlS" L^j jlS" J 4.,.„»;lL; .-jJlpLi 

tjjj^-aJl VI (_S jl V C~-S' C~j>- t^UaJLjtl ^j>«-*flJl Cj j>uaj toUj j 

t jl-C» JS" ^ oULc-Jl ^ja jJai j Ojjjw' c-l ^jj>r I 4jJjJ U*j/I Cjl-b 

* * * . 
t. j-i» j, i ,,ra« (_£-iJ j tCjljlJalll ^j* LsL>- lJy-L>- Lp jJ C-jJjjI ^-ilS^j 

cJlS" tCr Jl ^JL^ ^LWl^aiii^l^JaiJl JS" JLc^.^LiT 

JLaJ .<_£ OLJjJI j> Jb jll j i<_£ />UaP j> o jjjw^ ;Jai JLb 
.CClJlj IJu J ^ip Aj yJl j C-^JJ y«J cii Jl Jjiit CcS" 

. SJJ JS" ^UaJl o jJwJl ^jLo- j j jpl CjIJu 
jJw jlS" L jl J tj^j-oL fQa*Jl (_$jl CjIJU jf -Ujj j^l 

^U^i^l jJN> ji .LLf jjai^ Jlpr jj* ^j'I j-1p ap j^sf J^j>- LiL, 
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jlSL JT j OU— V» J\ J-aiJl 



±jLa jLS" Lilj o_,.-->J J j>_*_Jl «-L>.jt j j\ j_up JSCio jjjvV~j 

JM>- UL-^-Sl ajjsa; jil j jt tc~>«j. jj-^s 4jI) UU UlL. cĕ-Lpl jJl 
dJ— >*-; JaP tJL>-t (_^l ol jJ->- V :aJ_JI ĕ-LpLl!l tALL. ĕ jp~ 
ĕ-LPLiJlj .(oJU Aj-LpLS j_5l jt j»^>j iJLiJ J_J) ĕ-bJL>- L~jt 
jt t ^HJb-l j JL>- tJJ ii jiP aJp JJ jJL>- jlS" Ijl :a_L_I 

.c-_-JL> jJ-IaJ^ j* Vjl ^'L^ .VL->-l Jil ^ij^ ^il^jl 

^JJI <_J ^>-t jjV Ajjv_Jl ^jjl y_l jjjjt Cjtjo CC-ijJl jjjA £A 

oJU (^jJ jt Lj .2u^>v«j>r «Jjrt J t_JL* <»UaP caL j_> J»UaP :^Ua*Jl 
jL^ ,j^Lo L_T LLc . UjL>«jI Js- jJLT jOi JLLL jt j>j: V uLity 
^jP c~>-Ul jU _jJJJ a_£ JL_- Vl aj jjj ulil a>-j ĕtl j ^ j»J_p 

OLlL__Jl J*>> ^JI tC_>Ul Jj_i> *>Uj ^JL>rT.-.t oUL>t.:, Jl 

^LpUajl c_jL__rL> iJbt C~5' JlSJ .jj>waJl ^j* JjLSj LgJ L5" jJLj 
(_jj Ji ^jj AjU_>J| jj>waJl ji Aj\>__Jl ^UajJl j$u> jP- A-^>Li-i 
!jl>- _jJ_£ ^L^aJl ,j~oJi oL>L>__Jl jL>oI jl .ajpJ_>"- ĕtU?1 
^J-p «• j~aJl ^1_C*jl _-C_>-l i__r-o tĕ jyjJaJl ^j-^-i ^j UjL>«jI ,jp 

,g A£jU_. Aj jP^j jjjil ^ jl <_j ^pt tcJJj _r« jij^- -^*JJ 

L a-»Ij jJl tJL>JL>- j-Cji J oLtL>ti^w. jt- LjJ c->«jt ĕ ^j. JS" ^ 

| aLUJI j.bV. J^LiL . jv.jJl ĕ y.jj-r j aJ j^.jJI Jl ^>JI j 

^ .LLp jj.jsIp JJ U jjj.jt (i JUJ ^ Utj cjJL>- LS" ULp . JjSfl 



_LU-b *SL_Jl 
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J>y* o^Jl 9jj-/s jt 3j_!l ^Jaju jt jjb tuVI o^^bi-^lj 

y> :>L>ejl jA t_L_J Aj o-<J> c£-iJl t_,_Ldl jJ^nJI * * JLgJi 01 

L_j\jC ^l oljUr:i,.lli Ljji iiJs ^L^J^ SaJ-' fL_p ^jLp iS y>H 
sJu* JiJ» .t.r^ri Ji Jij j\i ^jiji jLS' tj^SLiaJb ^jibtJl JLpj . I g a , t. *C 
^ip O jl>-l ^ JuiJl 2jL» ojLL J jSoj j j>_aJI y 4j_u t JJ» ^ 3aW;ll 

.9jJtv£J oLil jJ- 9-bJLp JS"Lfc 

»jL>_L| ^ «•(^j-* 1 ^ »^ jvr j-* (j^ij^-* oLjL>t_*_ jjL»-l o-iLS' JuL! 
Jlj.il ^ t Lfr Ip J-o-^Li. 2j^-^-l OjLS^j .LLSjJI oL_J-I oli LjJaJl 
_jL_« ,jp Jjjj V t»JL>-lj SjLij SJLls ^yt ^JLT o-iLS' oIjL^tTl.II jl 

^y/lt H_ , , - ">Tl3 — ^W. Jl _J_t_SJ jlj ._>"lj j»JL> 

jt 4^3 jjl LgJ jJa (jJJuCj V IJL>- o jJtV OjLS' -~J .^Ua*Jl 4jj J $lj>- 

lsLp J>- jJl oL>JaJ LgJLS' o-b _JJ-U i J ji!l *b j~» c J^ jJl 
^jLLjs L*LiJL>- j ^Jl co jJls_J| oLil jJ-l O_o ,/?" Ji! .^jJl j j>=-*— Jl 
ceS >t _L>-lj jj JL>_-J" 4 J>r j? jAj oLJU ^jj c( JjVl £j j^Vl 

. J jVl oLj Jdl JL< pjkty j 
L< JjVl oLjJcJl jt ^ cL^L-Sn ^J-LJl jl 
j^I>_j cL^jj Jj .^jia _J j^JJ» j-l L^jL—wt _>J jij .IJor 
«jj-t-- jL_-Vl »Jj* O-iLS' lilj .ULp Ui» jia^j d jj>- 0 j^j Jl 
"jl Juli t J^» Jl cjL> (j^ 3 -*?! ^5**" '^i ^r*— oLt«j>_Jl ^ yii . j 

jjut Uly 
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jtC JS" j jb-S/l jJl J-aiJl 



C-^" OiJ .Sbi ^jJbr L» j* Jj^l oLUiJl oJl* ^ku 015" JLaJ 
<L«JIp ^lJbWlwilj "5L.15" — la -ll ^m*) j»j toljl>»T.^ll 3iJ» o».,t,51 

UjlS" Sikdl ^^iji o-S" aiJ .olyi 10 ^LiSH j>& cj>JxJl 

j- ^ yr^J 'i^J '^JJ ls^ 

iLI jjI ^ L» ULpj .l£„$;. c^S" clSJJ ^ jSfl ^k- 

^^5" ^Ip J-^-V i kii c£jbr L$J ^l ,JLp <_S-bjt j 

^ ^t 01 ci^Ul ^b- jjSj^ ^ij ^Ip ^ £L-jSfL ^ 

SJL^ ^ji^- ^SI LJ cuT . J, 4.,^ 4>»L*Jkl 

01 . Ij-jT L^i d jywail 0Lu-Vl «Ju» ^jLp i-*l jJ-l O j^tl JLaJ . jjJbr j 
0L^Vl C~>- i*»r ^ J*B ja Ub^ Iki Lfu ^ J& 

jJjJl Lk«J aJjVi JJI jt ^ Jl Jx\ c-S" -lii .L. Ji-Jl j LkJl 
. Jaii L»Lp 0 jJ_. 190 e j-«-p jyw ^ji- 1 ^ <J' ji>" ^ C£-Jail ^ 
Ulj cL» .c— L» sL-jt L^i cJLS' oLk>JJl sJL* aSOs 01 
SJL Ja jju 01 ( _j^ J >- «-L-il i_i,. t .. i5r t CJ^" 'J>- jJl ^ jj>c^aJl jwSl 
jtSl ^j cjL4kVl AJa-ijt ja Ju^l AkAi^l cJLL 01 .^Ul jjSCiJ 
Jjb-t ^jJl .(^ijUJ jS\j jl Aj^^iJl jJLJl ^Lk. jtsi wb-tj cLi-JsIjj' 
.IJb-br LISC L$j jj»>-t d yi JS" ^ t Ljj ^j—^ij j^it jt 
2LLj yks XLp (_$jJ OjjkT ttjy j>-l dJJi ^ A*>U-I Jl 5i j*JLj 
c-JLf ^jSsJ c^j 4-^l>- ^LiJ>jL-l ib-j } jit 01 o-pj OiJ .-bS/l 
LjLtio-.L) olJb cLUJJ ij^>«-J3 (.^m ^LiJJ Jjljll JJj>*" 
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^jL jlS" ^Jl t(Connecticut) cJS^iSsJ jS" -j^j ^ jj_*w_Jl 
_J__ £__* y asU-tl 9 JL_ cJLS' JLl! .Ai^ j jJ_» 200 Jl j_- L* j-^-t- 
^LJl j jiil ^ l^i». I j_ cJ c~j>- (4»L$Jl 4jjjjb-Vl oUL___ryi 
(^I-j-Uj L^JIi jj^waJl cJJj CjJL*_S jl ^Jl (JU^j^l J-aJ 

(jP C~>Jl ^ C^-U CJ J-NJ ^JS\ l4i*_>-Ljl JjVl 4jj_-iJl 9 Jjw-Jlj 

O j^L-l cJJJJ .tLiVl \j£ JbrLi tJjSH oLJ-Jl 

. J_>_«Jl OjiLj (^__L| ^LJj^ <j-* ^**- cjJL>-Ij tSjJu^ 

Jl C_>->- jj .LuJi _L>-I J. :Uajl j>-l L> j_ C »U" J-aJ cJ_ jt-Pj 

.4jc-b>L| ^ Lsr jJ jJrl 4jj_C. Jl i4__ jtSl j y>H jl jJl ^jJ 
L*j__p >VJLj ^l jj^waJl j j-nj' C~j>- t j_C Jl C_»-->-l J-aJ 
. ii jk!l ^LL. VI cJjCiSsJ j5" ^ ^jSCj J, .4i j___n_» 3L_- 0 jJL« 200 
I jiiT jil jLil jijj" _ui t Js-LJl J jJ_ JLo j j_C_- jLtll jl_Cil j 
JLaJ . Lj^i C-J>«-Jl C—y>- i L JL>- 9 j j__jxil j j>waJl jJa_» j» 

Novia) L j£s__ Lijj ^ :U__slj iS jL>- jl_*-l Jl J__Jl Jj->- 
L jiJ L* j__p ;LL (_Jl) s^-.ljjjLl j 4^_-ljjdl jjj>___Jl ^JjJ t(Scotia 
oLr-r ^ ji tcJJ_ j_> J~-iSn j .^Ja-Jl J jJf JLo (---- j jL. 200 
LL-i Ojjj" t JAJl ^ 1- ol> j_ ,J__I Ljj 4____il jl cJpt JL? --LJl 

t(Paul Olsen) ^j—Jjl JjL <. jy^ai\ oJu* ^ cJ-aTI 
iL__«>_>__. c__5j .L^jJjS" -__.L»r ^ (j-jjJuJL l-b JL« j_T ^Jdl 
J^*j ^LJ JL- Jiii t J jL Jl cj_L^t jt JJ cjLL>__J>I £il j_ _L>o^ 
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uLC JS" J jL^Sri Jl J-^JI 



:<_i-~ljj jt c->LjJj ab»*/}/ sJLil 4-?r jJ j^-U i_Jwj jlSJ .c.Ui jl 

.5 jowaJl fUa*Jl iLLL ta^-_j>waJl ^UaiJ-l LgJ ^CJi OLi^j J jlJb- 
tCjljj-^-LjjJl ^UaP ^yaju JL-7 j Ji jbf 4jl t^JJi ja Jjaity j 
jjj^-jL i_JL>j «^l-LiJl sJLj? \ i_J"U- ^Jj^ Lj^lJit jL*l j 
tU« jjjt--jL «jLjJ JjLj LlaJa>- .Ljj^" LSjJ ^ (Parrsboro) 
U ^5" cUi JIS" Jij .5 jowail oL'L»c~J.I jt- lis-j ^JsLiJl j 
V jj— (Ij taikdL jJ-l jbf <bSf i J jL j» Ulj 

.,^5»-. j jLtJl iJlJLP i^jJLpUw» 

4i . ->t3 jLll ^JLSj jIj tSiJiLJl ^LUrL J ^jijjlj c->jjLi JlI! 

t JUl .iJLiJ j Jj toL'Uo-J.1 ^L>»jI ^ 5.1 j>>- JU-I jl jGI Ulj 
2ij-£»SU cjIj-Ls-c*j tĕjbj? jj^w-j '^j—Jj^ JjLj t-JLijj tjjUj 
SjLiiCi^l SjU-j Jjl c->Ji iJbJl 1 _ii,,/-ll ^j ?jl*j Jyjl liU — 

. J, SjliL oLUl.i-.-JJ 
i^ojUj Lj jSv-^ li jj' ^J^I j-i Jl s ^j>-U-^i Sjyu C-J*o 
jjJJJl ti]Lij"j J^ £«i .Ll ^i tUJ? tA^Jl cJL<j .*JLiu"j J~j 

iL>jl jblu> jbJb»<j Ja U* LL< JLiJ .Jaii ^VL JiyJl - Sj ' L » 
.sJJuJl «jjjli j»i.il c, :iT I o : _; ccjUUc-JI 
ULf J-*jU JSCjLi yc« LJ j5>L- li jj ^ jj"*~ ^ cJlS" JLiJ 
c^jj ji ^jb»- JjJ^ Js- Ju.J>\ y>yJ-\ ja aJLUjJl <_>j^M ^ 
J^ Jui Jl j*- J»-IjJI Jl ^ >-j.j J^ju Jll jLfj .(Fundy) 
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.UJJI ^j^aJ .U^Jlk^ Utijl 



t * * * 

LSyC—o 1 J\ j^pwaJl /jA AjLtL* Y^-" LL*LS' lL*jj 

j4]&<j^\£ JJS .jL>\A\jaJjA*1\ ^;»UajJl Utjj \j£ 

l^i..t.Ci jjj 015" tj ^ ti ^ (OLSC JS* ^ p4Jk»l jS 

iU li jj .* yi>o ^jijp «I JjLj.j J?! j — 'LJiJj Lil tL-Jai JjjJ 
cJLS" ^lJl ci^JajJl d^prty j toUJaJlj ^Sll ^Lc- U_jJ*>U- U ^Lp 

^ ^LL>w-J.I jjhj tjj cij^ 5 *" • jj> s *«-< a ^ Jy ^r* 

ji _j 4 J*L| ^ f Ui*Jl jj> J jjiS" .JlJUSI ji ^ . JSC-io tAP_j->J>Il 
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jlSL. JS" j j__Vl ^JI jL_i!l 



lj_5s__j ^gi^- caJL» _Jl jL>_>-L oQ_Jl- ^aj IgjiL. liJJi L- jP ^jii 
J-__j L^ ^ci\ ^JijJ* J cJ- J lfijj ^ja 

oLd>- L. O 5 . s__jL>- ^jLl oL _j jtpl j^j^i _j idJLUj LJ Ji j . Jjail 

oLLlaJl j £_l_JI ^j-aj ^jip t£ j_£ cia-i SjJ-*9 _}J.jLs_> -j«Jaj Ln_ 
^JjI t^jjJjLe- -j yJl J jJLi LS' L__jj .^L_u_l Ljj ^JaJ jj>w ^ 

LgJ\ VI ^JJLiJl^^lLJj^^JLP^^I^Ajt /il^S-^I 
_SL_J _Ip Lj tajU-j ^ _jJ-*-I i_JJi Jju.j .2_-JaP ojy>- cJLS" 

• <i! Jej 

SL-^>- Ji J_jj _5L_J OlS' c(Boston) ^j-a-- jj Jj Ljp Lj_p 
Lj_p j c>_i>__l Jj ĕ jLj J s-">LjJl _/_v OIjTj .s.IjjJI ^LJ* J jLJ 
Js- JjajL-j tj»_^jLjJ Ij^Jjjj Jj-»_iL_J tlj jb>r tJ,j-»<J 
«^LS^'^-^-^ ^va_^ Jlaj ^LT J_UIC--S'-__ .i£ j£> 

iLJ~ 0 jJjo I jjL^i^LS^jI t5_j jt- '^o-y LjjLS^oJj -L_ c_ ■ -ti ^jp 
^3*3 .^"jlW j^ Jj a^jj'1 01 ^ IjJJs AiJ .L 

<_ jis JjCj cjow» dJi -jLa OLS" cJ_j >_j j_C_>j^Ss_- c— £ 
oJUb k__5-L-» oLS' j__ . IJ->- a j*Jt..s> jLp) 4-i .3-^3 jj. i_Ju— j 
j jJL>-j oJLS' oL__Vl oV $-w»Ij j-*> L-T L_»lj 0L_*Vl 
^jjp OLSj .jjJbr a~lp L$J oLJjJl OLu-I L_lj coJ-pUJI J_p 
^_lj<j. (^j^*- L_ljl 01 ^__j\-»I Sjoi-*- <_JM j_>- LgJ j coL j-j 0L_-S r l 
:ĕU_L j^Sl ^___1 ^J- oL__Vl Jj _Js_Jl J f-_ .oy"J 



_LU-b 4S__JI 
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oJu» cJlS" J-J .J-"-N £_Jt ^ L$Jp LLJl jJ-l cJlS" 
o J_* ^gJUr.:,,. » cJlS" ._r- — ls^" - tlr" *i-J — • *>"l j OL_ J 

. 4jU-I j j 5j Ju ,_«./•» '■ 

tjja__Jl jJai JbJ t__Jl _ji Jj jt j* J, Vjfr*r 0_" U 

<__£ » j>\ ^IJ___jLj L-jj-^a»—) *>Lij (*>L_jJl ^ja 3_Js _JjJ 
.SuJl. U-L4 L_-j _-!_»- _JJJj j t __J-I dJJi L- Jb-i ij^y J, 

.Jsj JjaiiAir^ij 
. J,i_ _i__J £-__J 01 -..-UJ : V jl ?_i~_Jl IJL* A-JjJ (^JJl U 

tjli-l ^ _;-_£ V ^«h.ll o_L__rVl _r* JbJ-Jl ot c JuJ :Ly_ 
^jj- jJ_pI OLi tj, iJo LtjTj .oL'U__Jl iSj^- iS^>) Ji 

.ju, ___ Ll ^LoJ-l J_Jl J 
t(Tritheledont) _J j-*JJi> y" 015" Jj o-->-j ^JJl i_j_>-ljJl 

L»jJ _r* 0VI jLi-l ^ L_T tLiyl i_J j_>- ^ _> j y_. (3 jJ_£ jA j 

_ jj_ 01 Ujy _JJjJ tl-L>- o j_Li oLi jJUJ.1 «J_* cJlS' J—J .LJ j5w 
tlljjl c Jai j_L! . !.£_• I JjJ-« Jb_J i jLJl _JwJl ^ LJ j5_w L» y Jl 
toL'U__J.I -U^ c__Jl wUL>- yb-t 01 ^ISC-Li 0Lf jJ .^S jJb 

.cJj_ c_ -J 

• _i>-ljjl LiJbrj «_-»- ^ijil Jl !__>• j d985 fU ,_w> ^ 
j^, __L» J_i t__>tJl j___« ^JjS- a_ j*i_ll SilaJl cJ— ' JuJ 
C-SjJ 0t — Jp 0_"j ._-—*- -JjJip ol j_- Ji e£ j*t-_Jl i_* ^l 
^twaJ aLJl 0V i Jil jIp -_p jLJl J^- ^ jil _^j (I : V jJl Ljjbj 
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JlSL. JT ^ OL-Sfl 



fL_Vl J jt Ut ^t J .L$J c-*~J jt LJp ^Jl tJllaiJl aJLp 
j-. ĕ jJwaJl LiajL; jL>«j^ t2jaiJl J js- Ljj L.JUP SjLtl U jtSlj 
:b jJLL. jLS" Li <j jSb hjs^\ cJLS" JjLi .2_*-.">Ul 2jLL"jJ| jjj^*aJl 
tbjJl C~»JJ 'I ■> j*J . 2_ >Ul ii^Jl L$J LjLp ^Jl iSikJl ^ 
^jip tj jz>*i c^jJl tLJl i_. -9*il oLUti-J.1 ^ij-» »_~»jj -(^s-^Lil 

. JU.I 2jL_>_£-I cJj-U_i _y cljL>rT..^.» 
^ SUi p\ _JLa Jl_f «ut j* -jjydl U jUr 01 -JL^I j^-Ij 
_«_UL_Jl . .__ULtJl J jl? ^jip L$_>__J. aJLSJjJI 2JL» jJl jj^Jl 
2J jS_. cJLS' t£-L_> J^.LjJl c-jUJJI LLp JLS" ^Jl t 2j__iJl |jyj_£j 
JjiJ .^Ip j jJL. 200 o oLS^jj J_-*- je- £Ul cJjUl 
jt ^-jj-UI jV J-jLa cjL7L>ci>*_« _ j^-j ^Jip (jjJ^L. LS" 
^UaP JajL£ _J tC-ijJl cib 2jL*Jl Ljp j>_-J tjjj^waJl ciij 
LJIjLj C-4j L_iaJ (j^Jj -WjJ. ^Lit 2-— _j_>- 1 L_JaJ JLoJ . o1jU_i..J»I 
jl jj_ t<-j£ aJLSJjJI aJL. J\ j j^aJl jjL»«J j tJdl ~£ y jij^ij-JJ 

^UJl jJjJJl l£-L ^-Jj j» L.Jup « ,,k-lt LiLtiS'1 *_>• JlSJ 
^j j_J JaJUII jLJLl 2_LLJ, ^LSC- ^jp L-L ^Lijju (Lions Club) 
Parrsboro's Miss Old) fVl ^ jJl ^ j~-V jjj~-jL. JL-j>- 2_kL. 
2iLiJl lu^il oJUJ jIjjJI Js- oJJLJl oJL-Jjs-l JuU .(Home Week 
r l5J-l j . JjLi-l J->L>- ^bjj. SjIp oU^J.1 jLSCJl .jJsLJ jV jLJb 
c-j?j tĕjLjJ f LJl I JL* LjL i. — cU jS" j-. jL— jL>- j j — j jjbJ.1 
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. L_ijJLP ijdjJu j j£LJ tj^iUaJlj Lil Lj jPO 
^ Lgj>jLj J y- Lj jLoji-l <LLL-w« |»^SC»J LijLz>-l l , . yi j 
tjLJl ^jJl ^j) jll L;. : „,.»Jj tlJj>- j>-L« oij (J| (jJai_I-~« LJL l J|Jj>- 

.4-JjLJl jjir\ oLik*Al Jb4 lJlU jij>^- j^Vl Lj ^l j 

Lji (j\-~ob- jP JujJ ^ ^jIp ^jiy^i^- ^jupL* LJL JjjJ 

jl jSOt ^jjl jJl C— Jj '^JLS^ » _/*waJl CJLS" JjjJ .LJj^P 

tLJ-L* ^ji?- jj>waJl LijjL*f ,c-iljL>rT.^,ll ^jp aJ) Jj^>«-J SlJul ojL>«J 
tljj jJ ^j^-l • ijoLail »jd* oIjjJj Jj4 Uj : jj>>-a!I Jl Li ^JaJ j»J 
u - " 0 "^ cl^ j^" . Lii>- <LjjL!l jj>«^Jl (jA«j ^j) c-i>«j.j tL« Ajjlj 
; AiiUl-l J-j Cj j^<o <uJti C- ; y>- L« (_j->»jl (jJ . (^j^-^' C -*-<>- ..m t<Li-*.i ijLs- 
C-Jj tSjjljJl jj>o C-ii!l L.JLP .((La JL^sjJAj i_-P y Ji tjj tajt» 

j^ .<U»Ji J-LP jji>__<Jl C-jIj j»J .jJ ^L-P ^L_£-l 

. I g ■ * _3WI toLjL>c.T.,.,-« ^UaP .tlja-j OjJl^s Jj>-I jj^waJl 

Jij .5 jytvs >»LlaP <j £j (L«Lc <up c->«J LS" L IJL* jLf JLiJ 

_1La jLf Ulj :>_- ,,.->J 4jLS"^j j^J 4-iLS' jJl jj^___I jl ^ejall 
(_^L>- j jJ" (j* j j>J*— Jl C->«— j J-i! . _3 jjt-l JA>«-J <LJai A_L«j j y*t+a 
.jCJLiJl J>- jJl ^ Cj L?L>rT.„jll c-iip Jij . ( J,l5'^ r ; jljjJ <U>-L<s jC-ii 
Jg! j> |Joj> L(jl>-b ^ jlS" .Ljw jj^waJl dJiA ^ ULJsl LJj>- 
IJ (_<J ^j>-l i—A^-ljjj - tA-JljJl ^-^LoJl ^^iajuj tCJjjJ-ij^Jl CjLiLj tT . ,. <t 
2 j^^J^"' l^j* l —J CjIjL>i1-^4 cJLS' JLi! .J,L>t^Jl <cJJ 
CJjCL>I Ji iJli-ljjJl A±ju> \s\ y\ jl O^^II-fiV iL^ LJ<L-JL. 



c 

+J 
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Ol£C JS" ^ OL-S*l > J-mJI 



.oLjJ-JI j^J Lj J (_£jJl Ajli ^Jail ^ jj 
-U jjjji ^ jLjjli ji> I^aJ^TI ^l dJ-l-S* - J jVl oLjJ-JI 01 
jL-SU jL-Vl ^ ^ u i 'J J ^ -l/ 2 *^' Cj* L$J 
JS1J1 ^ jWlcSTI --L*j .JLLLJl jL-Sn J* ST^ Sjj^ ajjJUJI 
J5"Tj JsLcL J jSf1 CjL.J-JI j__i jS\-J»I ^ jt ^p- Jjbr 3iJj 
LiLi£ LW (jijjli L_iJ-_.fi ^Jl tU jjjjl CjLjJlSJ jl . LgJLu-l JLkjlj 
4__ij j_v_JL> Cj-L-j ^Jl cJJJ t£-Jai1j jLu-S[l oljjy. ^j- 
sJj> j jLii! LjjJ L. JS" jlS' jlj . jwJl j Ljjjt j 4_j jjJLl lC; ^J 
(_^jJ ^L-JaJl JjLJ J j^st jli tS-J-l k_ji>-ljjJl jA aj oliU-T. Jl 
J,L>__Jlj rc-y^l otII _j*J (O ^S^j L__f .IjjJS' IjiJ j j-n_-- oLiJiiJl 
: Ji- oli jJii jjj ^JL La j .JUs^I j (jjlkJl kLct ^ ^ jj <J\ 

■ C^j j,L,Ltjjjl 

(__lJ__f t4__- j__"}L« 5jvL*j jS\ j j>«-^5 'jr'" J^L J L«JLp 
J-Ci t__J j-LLt.; jJ CjLL-iT... - J_£ cLJ j_C_- L» jj SJjT jil 
oljjjJl J-aij V tcJj_LjLi_jJl CjLijJji ^ii .>L_ail ___- ^I-L 
^jP L_> jP j toLjJdJl ^ JU-1 ^6 L__f tjJj J-^j. » J 
^k-Jl Js- jj^u t Aj_jLJl j^JI ^ _J_f ^U-lJlJl ^k-Jl Oli ccJj 

Jg ^ CjIjJ-JI © J_*j .LjyL" ^yaiiLS" aJjLJI j-Jl j_. <J jLJl 
L_ ItorLL. ^ j cL. i_-.J ^"L-j" jt 1 V .^1 > _y oi/ V JLi?^l 
•g toLjjJl <JjJ j jj>- jilS" Uja» ^^jjJiJ ^Jl t J jV> Olj ji>Jl jl 
j c^JjLJI cJ-Jl ^ AilttJl cjLjJJI oL- Lg-i 



c 



clU-b iSL_Jl 



108 



.^Jlj£^Jlj 
LjJ j jis-ty Jj>«— Jl j ~L>- JlCij Jai>£ jL-^l jSf j 

- £_skil ^ V"J^' J^L^I «• jAj 2uL5" jt- l-b>- il+aJu> oL. jIjo 
jL»-t ^ Ju-btJl jl .j^jil - Jy-b^ ^Ljs ^IJb»cl^l ^jip SjJuiSlj 
U-b>- j jl Jju .^bdaJl ^ SJbJbLl J JaJl jL>-l ^ toLJdJl 

^J jJl -ULiJ UlJu t JJi ci jj c5 jji?-Vl Ja^— Jl ^ d-j jjLbii jdl 
^y» 9wbwb>r ^J jit 1 1 $,»■>,<>■•>- 3-jJdJl ^L^-^j/l 
^J-j ^gJl tjj>t_^Jl j b'-b>- jj .L^l-bitl^lj LjiLL>^i/ eJuwb*- (j Js 

OjOWS lULJu 3jiL>J.I ilbJl frb>«jl ^jA j jAj> 150 Jl j>- bfc ^P 

i_3 ji^s ^ Jy-b>- ^ji t^jl ji!l 
jA A-s^ j,a->- cli ^L^-^I O-ijb J*>- L jl >t j5*j Liiji-r jJ Jj JaJl 
j^jaJl jjJs Jul! .0L->Vl «ilii £j jil diiJJ :Lf»l ji\ -Li*J jlJuL 




ijdali ^>t-Jf jl// » _j7 . U j£L* Li <jJ c.i^r^l j^» itjk^ <^J jjjjjl y 

■ (Lazlo Meszoley) Jjj^ jJ jj 1 ih-*l y. JsUJl 
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J_" J 0__V> :<vl _Ji J_uJl 



^LJ ^ S-Aoa^ __j»_wst (_/_! ^ jill • J~*Jl ^ kjJ 

oj?«j j» ji_ !_iJL=Ll ^ jvsS r lj c4..ai; j» ji_ UJuu. t_jLjSflj CJ»LJaJl 

.4j_»__ jl 

kJ__ UL>L_- ^ jl jiiJl 4__J ^Jl co jjiwaJl oLiJ-Jl _JJj J--* 1 

j j_ 5j>-LiJ J_1 J^*-" cdJJ- ^ _J_i ^ c-^ jl j . ULiL?- ^ L>«j jU 
jl .^lj^l Oj^ «ji?-' «jJ^t '^r 5 " j' '£-^' j^ OLu-t _Jj_J Oj^s Ol 
c_J__C!l Jl j» j>JJl j <_1 j_JI _y. £• jljo cjJJl '£_ j-il L.LJ, J jLJ 
UL_£ jjt Ul jil ^jjj^ -i o_L*Jl 4_J_Jl Li*>LJ j 6 . ' Jaii L_xj* 

Jj^ 1 J"*" 1 'p^J -Js" J^- J^" ^ _A ^ '0L_,Vl _r* 
SjTJlSJI cjUI ^ L-jjPj ccuJj.LLbj^Jl ^ o ykLt» jj__Jl Uu ^ 

tf> cJljJ-lj t£_»l jUl _j_~»*- iai LjJ j»LSH ^ jL_,Sfl \\> jiJl 

._j__i-l ^ o-j^jil _JJj' 

«U-_l ft ljsrVl - f Uull j _L_ _l 

jL_,*_l Jj->*j L jl -J jiJl Jl A^rU-l j j_ -j^i _£__ L ULp 
jf -_->»_ .L$_j*>L_5 j* frU-P*VI (J>1j. _jJ_**- ^LW cjI- 

Js>-J .A*Jailj <» ji__ ^jJl c<»_J_Jl Jj-rl _JL— »1 jL_-*_l j jS^j 
c __»_-JLS' <U~_ jL-Vl jl .0^___Lj ^J- <_»*jj_' _■_-*«" <JjL*- 
<-jjj*il n£j±r\ -JJi .(^jjii %£j*r J-i Ujl j_»-l jJJi ^ ___--Jlj 
JSO 4j j_~»-Ij ^rij^ V*-Jl vJl JJj><-j cC-jUbt j^-— Cjj-U^j 
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\j*jJrj c Ja*JaJl j ctLoMJ 3-«jLL« LJ-*.->«j Lf c^Ua*Jlj jL-*Vl 
2Llp jLi-l Lll JiJs oV S jiSl IJbr 3JLs^> jL-Vl j .J* j*JaJl 

t£Jb-l ^ LJ.I cL*Js> .tLja-Jl <U*1 4,.k»j L ^A c^j-Jl Lw» jl .^Ua*Jl 
3jJu c^LJLS" aJ^IjJI oLLJaJlj .LL-J L\i* 0 jS^J ^l c^LiJaJl 

. OjLTLiS[I ^—S^jjwL^j Lajl 
jUJLS" - aJUj i^-jt L$jjJ ^Jl coLijJUJ.1 y JuJlJI JLa 
jUJLi . c-jLTLiJ ^^jjJ^JI fJ^i~J V L^SJj .}L, j j>JJ-Ij 
.,ju-£Jl jl ^ j-^JL^Jl oLijj £S ij, j>\ s\ j^ ^-biti—J oLj jJJ-lj 
^>-jL>- J£^a Ljj-J ^ljl ji^-l «J-* oL» cLajl Lp i_ iLj£ J^Ltjj 

.LU-ta (j-o^J Lj*>Lai C(j><J L«f . ^_^ji-l ^JaJy 

LaI jif J»-ta jL-Vl syr y. -4j">LaJl y L ^LJ-I ^ jJl jl 
cjrVl Lu£j:. .Loja 

^Jl tis>«— jty c_. j:>L*il ^Jaau Jau\ ^J^-j '(j-^^lj ' jLJi^lj 
^JjLi jf LuSCc ioI jJJiJl a-LjJj .C-jLTU ^j^TjjwL^Jl ^J-P c5 ji^ 

.LgJLS' JLwVl oyj Lu^. j^Jl <JJ-JJ ^SLiJl 
^jip ^Jjj c jjLUj tiju>-ljj '(^^* ^'j^-J C4^-a-*> J5" jl 
^jIp (_£ ji^- t_- i S'l y LjjjJ I ■$■«,;,..> ■>ci L g ..tj i^S j5sJl I Ja 

?aJLr IJia J Jycfi } .OjLTLJ ^j-^I 
UuSj ^l» j (jjf 5i y«jr. .di*J.I ^J-p 5-.L* aj ^^i c<wa5 JLa jl 
c->LiJ lili ^jip jj j^Ls j j^J— ci~LJl jL-Sflj f Ua*Jl tuLiJ 
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?L$Iij oL'ljJ-1 (^y^J SOeL>- J* J ?A^-J^I ^ £j jj^I oJut» 
sUi-ty oJut» JLp 4jUr>TI 01 ?tf J-l JLp L*JLpL-J 'c^Lr J* ^t 

500 Jlj>- L* r^- ^ti yr^ 4j_p«^l ^ cl$ jja»-^' J 5 *-^' 

. <L— j (1) jJL 

L* j^P^Lj ^jJl c^JTJLoJl oUa^j^ll Lp j*Ji oL'L>C~J.I j^^Jaju 

c-jLIiS"! .(Conodont) cJjjjJ jSCJl ^ t 3Lu- 0 ji» 500 j! 250 
tU>-Vl jiLp JJ ^ j%1p £_-LJl 0 ^ja oLuJ"}L5l cJjj jj j^l 

Luiljj i_i j-*. (^JJl c(Christian Pander) j-LSL OLl-j _£ 
^lcil1jJ^I^2lUL-L$J caJJws «j>»^9 oLjLS" LjJl . J j./a< AjcJsj 
JS" .tT^Cj cJjj jJ jSsJl ol~L> 4 j-LiL ^LI JL«j •Lg-^« i>-jL>- Jcs 
blJLpt JL*i Ot Ojj a j^-So" Ot di-^c V o-?- ^Lt jJLa tSjLs 

. Lij j** oLi jJb*il aJut> ^ ^l jj Vl oLu ^j-^I 0^1 j . LgJL* 2L'U 
v_JiJhi-l JiJ .^jJl ^j» aJj jla 9 j£aJ (jJtl oli jJUJJ oJL*> C-.lk 

OLS" l-bj . OjLui jt oljjui?- jt coLil yp- cJLS" I il L J j>- tLJbJl 
%\j9~\ cJjj jJ jSOl 0 jSnj ot j-h 0LS"j .aJJjl» aj ^laj Jb-lj jSsJ 

^jjpl .OI-L>jJl ^Jj*- jt coLjLLLll ,Ja*J jt C£cJjLj/j f l jl Cjb-Al qa 
.(_$ j jjb-Vl J 5 ^— Jl ^ SJLLS" OLil jJ-I otju LjLP Jy>j*J\ 

jJLp ^ jLwjI L*-brj ji*» JS* cJjor 4^P Jjl OJ 

CJLS" -Lii .(Edinburgh) a j>bl Sjv.L>- jJ ^ ^LcL OLT oUl^-J.1 
Lc.j .(Lamprey) (^^r L L^J ^^^iaj ^>wiJl ja jJ ^Lu» 

V Ijbr 2JlJo iJLw-t LjJl - *Lp-Vl (^s^ ^ (j-sii^l /J^. 
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JjI j-jj ^jIp <^ JJuj j ctj; IjL^Jj 3 5,/a:l« ^ji-ju ^ j . LgJ jSCi 
oLW~. (J -JJiiVl LjiS" J ^Jl t^kJl fL.t Lj>. jLT j j<*...>- 
olJb .cJji jj jS\Jl Ljjl . jp J5\JJ 3i jJL« LgJ LS" oJb sjJw^ 
cLJL il i_j ji>- jj>t*aJl j-g-^J (j*JLii Vl <»-JJ <^ cj!jI> «7 ,.. « 
ljt»<^>- C->li jl>J.I sJL* jl . sJj^lll C-»LV jil i— J jP ^ j^Lu J ^ J 

. Ljj*l jil sJL.LS' cJ jj jJ jS\Jl i_~S'I jj I «^.o. - »- Ljj-*J ■ 3JLi_J 2Lo_* LjJ 
. LL_J cJjj jj jS\Jl cJ_>' JJiJ :^jiS\j Lc.<L>_j?lj 2j>»_JI c->tw»l jJ_ 
._! jSCi jL ajr.Oi ijL_JV LL_J cJLS' Jj c jL_J cjt c— J j 
150 j-. (iTjj^Vl Ji^—Jl <i jLJ «>Jit LjjJ jLf JJlJ 
2-jLS" jA _JJJJ -*Jl j L ±5 jJJ jl _._>- Ji cLLp 

jV J^ c}L\. 0_J__T c^LL-Jl *lj^rVl j| .oUUUl J-_>- 
s_Ip c*Lv.Vlj JiJrlj o}L__JlS' cSj.jJ-JI *lj9rVl L.t .2Jj«__j _-i^ 

3jlL« _j_»_U jjJ^j 5 *" LbjJ . cljL>«.T.„>.o. < r I glaa>- jl jjj Jj»r « ./? " 

s U,Vl _r* J-i» JJLiJ^ ^SJj c jL_-Vlj c2j*L>__Jl ^JaJl JS"LJL 
UJli c4j Jp 2j>___t LjJ J_i ^Jl cs j^ Jl c->VL»-l .a^jJl Ajwj^l j 

CjJ^ Jj»-»-Vl Ld>c_- jl ._JjL_. jt C-LJaS' 2jj> jj_£ s_lp j jS\j 

.fL__J_l Jj>J LLp 150 j»Vl Li y__J ^SJ j ccJ j- jJ jSJl jL_-L 
| cJlT ^Jl cfL__J_l J j^ cUuj al^-^iL ^Jbr >T ^ iJL* 

oLI jj?- cJLS" jJL! . 3Jjj ^Uip Ljj J <j*J . LgJl 1^**^ ^-^j^y j^-^ 

.ajj^j jLwit LJjSJ }» J-> oli 
JS"L* t jJJ ■_ ■ ^ J j>- c-»l j;....J oLL>c , :..Jl tLJLo JjL>- JJi! 
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Ol£-JS" JdlJy\ :g\J\ J-_Jl 



V~JL; • J jVt fLltl ^ j cC-jLTU ^^SjjJuJ* <S j_£ ^J0\ tdilJ iJUa 

t _^l_!l ^ U_p j c *i jS_iJl £. cjL-J J^LfII 01 1 jJ-upI _jjJJl _J_J jSf 
cJ->" 01 c((aj jjp» LL_-t cJ jJ j5Jl y jj t^jjjJl ^j-»- jl 

C-jLlLii ^SjjJlJ* ^jIp (5 j_£ *Jw9 4j-U~>- i\j9r\ J jl OLi .cJUJS" 

.L>irV Jj cOljJ-l Sj.LJ- V U_aJl fU_*Jl cjUj jJ j . OL^/I ^ 
cJ5l Vj? .fJ_Jl JL> _JL__Jl Jit _JL-~ Jl (lU. iJb JL_i dJL^j 
Ojjis .-JLJl JL- Iju SojJu^Jl JL__\l «jit^Jl Jl__-Vl 
JjSCi Js- IjS^ JL_-Sfl cJL__- Lj cIpjjJ 3 jot^aJl JL_-Vl 
^LJl Jl4 ^Ua*Jlj 0L-Vl cj jjp J_J .IJ_C*j ^ jjjJl j_i_ i jS\ 

cjLIjJ-I ^jAkj Jl ^J^j (j*— ' _} ' e j^i ^j^' jy*^\ cjJL — I 

CjLIj^ ja Jl ^ Ll__l LKj .^JajJl j j Jl cjI_ JjVl 

__-! Jl cjI •> JjTL-jJl Jjl Up cj-U L <^__J c JjSfl cJj.jJ j£Jl 
c (Ostracoderms) ^r^ji- 3 £\ j~*J L$_--l 45C__J (^--j LgJl . ^okJ l 
^ c^iS" (iL»Jl jj>e__> _____» oSj^rjjt ^Aj c2-^j 0 jJL. 500 Jl -5 j«jj 
jLwty oJU jJJ .(Bolivia) L-Jjj Jl JL__J| JL_>__I v WSll 

.^<J- Jbii ^jya^Jl *J_iS' 

4-1 

® 

i_ _j_>-dl _____» IjJjLt c_»__ lili .^j^ LgJo jjj ^Ua*Jl _y _»_>_: 
2 ^f\ J>\ J^* -Uj jP LlJj ĕjiLw. Jas>-"}lj i_j j_J) (I g ■ * |jj-lj _J-i[jlj 

._JL_-Jl wJ-AI j»-^ jt t UL_-tS' cLL^ ^ 
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<ujj ^yiaJl iliJl &{ ekU* ^ jS j odJ Jb-I ol 

14J ^ii tou^sjy jji y iS^\ w ~v.^ j^i j*yi oi 



Conodonts 



Osttacodetms 





pJ . i!j >*» -t*r y ^>^' -~->~ r ■ (<j>0 f ji* J&^r-* JJ (jL-i) C-jjJ yj? 

^ja .->.. LfJL» JuJjJI jf LJjZ JjJ iiLlf \zjL'I 'j~^ iitjjt* i^jw»' 

J fj&Q&fill!d. l^J-JjSj y^i<^jJij^i^ij4L^tyjjLL-^ i f<jLL*9>' 

® iJjSL. Lfjlf jJU JJJJJ ij y/W/ t^LLkll .^J~fi ^j* /> eUui. ^jjj LjAi 
ĕj^Li. <^J jj jj j^Jl JL^yi ^Juo (kt asLe-l .JL^yiS' S i^Sl^j^ 
2 jjSjJIj t(Leicester) jZ~J i^L*-^ t(Mark Prtmell ) Jj ja ^JjL. jjSjJIj* 

,JjZ~jjj i**L>. (Philip Donoghue) ^jjji <^~JJ 
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Ol£. JS" J j\iJj\ :g\ J\ j^i\ 



Jj tUroi L^-J LS j L~i Jj4 jJj <. >— J J 

LJ.I jj» SjLIs _La . L> yLi L»L\->t ^ j jil 4JI j> i jS* j"Jl Jb>i^ 

OL-»Vl i-3 jil ^ * aK" i_jL>_U .i_JJl jj» SjLIs ^j*- j 
Jjljl — 2_.U.tl 5-oj>Aji-l eJl* .Uj> 2^_>_dLil SjowaJl 

.J-»_CjLi ĕjou^ OL_»l ^j» 5jt j: ,,r? ^ — ajjjjL>-Vi o^Ls^Jl 
Lj_« "u>__J j^J j tc->LijJL>iJ.I ,_J— *J s-JlJI ^ 0L_»>Vl oL_J -Lil 

. L$_.LJ- aJL- jS" L_» V c-Jtf«s-.l 

jio Jlj tiUAJl j 4 OL_.Vl 

J j-^sl < ja .t^sJ Jj t ____>_» 9 Ju Jj>- 2jL ^J—u OL-j^I jJLj"j! 

Cjy*-)* jy» J^Luj OL-jS/I j j__* .«.L^pS/I t j-ij (jj» L»U SJuJt>- 4ij ^k 
jj> L_~IJ_»-I 0LL_» t—Jjjij t2kL__j -(^Lil LijJj>- 2ls>— jVl jj» 
.(jyjjjl o U: .,j3. " j tjn .Ta . WJ l ^LSC-i ji*"jj tlj*>l>-l |t ,»":*j t_S j^SH 
^: ./»" L_Lu tLLw«JJ "uijji-l i— ->ljJ jll ^:,,i-?7i 2^-jlil-l "uJaJl ^ ju 
i_-S r j oLi t^j-jJl j>Pj . j_Jl jU-b i_JJl j ^L-Jl "JL>-ljJl AjjJJI 
(^Jl t jl jpSH j <-*. jJ-I (jj. Uslii £_J t jj>ci ^* t J_C__JL> Lu j_Jl 

jj. j oLkJ l jyL* ju JpLsj jA OL-ty jjJ-j (yL-^l 01 
iLi*>_t-l jj. 2JL* "JL>-b 2JL_> j (L*>L>-I jj. 2jj>-jL>- 2jP jjw4 t2j>__jVl 
(^lJ ^Jl toLjjsU 01 j ju ji_Lk!l jAS" Jj_4 j -y.Ml t-l jkil ^«-J 
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j yijj 4 jLuljj . jLiis tSJL»- ^JS" ^ j .«L^JLA-I .iJjJl j 

t ^Jl (cjLJ^I) iJl j _jl jL«jVl CjLp j) tAjLii-l ^ .oLLi jy. 
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jLtC JS" j jl_-Sfl :<vl jJl J-^iJl 



. Jb- J,l 2-f>Li_>. i>«_-J t _ r l j-* ^ jj JS" ^ 2-LjJI b Jj. ^ 
Jj_j ,oJjJl>- ^j-<»Jr 2j_<_P jl c^.;./?.» jJ-»J«-! 4— •>> jLil lJ-* jj 
*l j»rt ^ tgr i Jf 2__L__J c—O^-I t jjL^*>Ul ^ ^l j^-l 
J_j_» tjJJi iikit jL-JVI c .-Jj .(yo-yo) jj jJ Jl oljL_Jl 
2pL__J L-LjjJ c jjJl J,l jL_JVl Lgj f c2Jl_jJ| £j^" 
2j__jJl oJu UjIj JjJ . JjJL-l j oj j^- jil tLapSfl ^ ioJjC_« 
tij^-ljjilj cjjlkll jl .^j-jtjii jTljL-j^l ^ 2i jiai« tajJb»- J-^aJ 

jl .._■____. JliCil dJJJ_T 2i J_c_« ol5 jJii VI cj_~ J c j^iJlj 
j jL_J LjJ jjSsj J, jJ tJljJl ^g^- jf tLtoj jl cL»-il j>- dJLLc 
I g g .■>- jJ J-pl Ji jLu-^l ^-m-j ^l cijjjJaJl 5bV» o) . J jVl (liil 
J jiJl ^_n_c Jj_>- J jJLta j^-cj y^l 2*.l* 4jJ-L- > JTI y 2pL_J 

j>-VIj I j siuu. 2L-__. tl Jb*Vl j ^jio^Jl j jL_JV-T clJU>- 2_LL_£ £LaPl jl 

.aJL<V 

^jjl cSjJj ^iaJl J y- jj^laSj t J,jVl 2jlijV| J j.,i?flll c_j ji-J jl 
cjj^l J-ajJl .2____£ oL»jJi£ j 4___ti Ja jjJl Lgj L__C-C 
j jj»_*_Jl LJLaPl _>•-__ Jj^- j cjI j-Jl JjLu jl L__Cc ^JtS Ll j 
^Js- I g . . aj ^Lk*Jl £5 L_iCc. ^JuS' J,_jl J-_-a)I ^ LlJ jj .SjTJiJl 
cJljT cJLJl J^iJl ^jPj . jLJ^I Jl JL^Vl j> 4L..L.H J > 

^jjl t2^ji-l LLa jJl J (jjj jJl J**^ — Li>- c_Jj j jil t jJLl (V-» (j^- 
c jL_-Vl cL* j .5j_L>J.I oli jjL>J.I ^ JjJjJI ^ - tLaP^I ^ 

^l jJjJl oLLjJI .LgjL£_j. Uai C( jio Jlj 2-JU-l _JJJlj 
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LJup .«Jb-lj 4JLuJ uif»rj j-*> C— J kak>A.\ eLkpty 

IjLi.* tiili^Jkl ^L^-tyj tUapty cSJLojJI ol^jLilJl «JL* y 

yj Js. oUjjjj VJ <- cUAp ^ *p j^ll olkill jl iJlj.iL 



.Jb-lj 



^ jji>J>l ^ Ulj t^jj^iJl JjLJ. ^jLgjJl ^jLp jL»jj ^iii 

L*ap jd^- LJl JL* .l^J\ J) ^UaP^I ha->-f tU ju L?-Lv9 oLJl 
^ olilk»Jlj oULsf1 -L>-LJ Lg-L* _b-lj JT tU-lj 

L<Jj ';j*J-" J| *^Jt-l ^Jai Loi tLji^lj-U .^U^kji-I 

ol jL-J»l U.:.;« tJU <_ju<aj J5" <ii-~>l L* c~lT ^iJJ JJ . JLjf-l ^UaP jU^ 
(j-J-l tUaPlj o">LiajiJl Jl Lrjcol^ <_jLapV| LaJj>o ^yjl t4j jllil 

.Ubkil 

(Trigeminal) jo-SljJl ^aaJl t^ji^lj jwaju oJj>-I J-iJ 

(^jJ^g^ljl Ji JJl*il I o g J-»C d[i(pacial) ^^>r jJlk_wajt!lj 
.-b_L>- jjJaiC. OL-J^I ^lj <_jfj.il ^l ^»tjJ Jl l-l>- J$-" ''-^T- 
. _JaJl _Lwf ^ J__j.Vl ol5%Jl ^ ja S dJl" O t L>, JLi! 

C | j jLlil £Jj_Jl *L_Lp A^jjt ^jjl t4_L_i _r~Jj - ^J-^i ^^T"^-! 

-S jV J,bl5 Ji tjoLUl 0L>_VV1 j£- £L\!l Jai__1 j - Ojjj ji j y Ji 

(§) _i *_J jJl JwiJ t J jj- <_,.»l— .7 tl» -— ii JLPj .Lil jjl ^g—Jl 

^ jj j_* j i-^Lj Uajl L_Ij£ ojS" j . j>-->I ^ j o—T j t JJJI 

| ^ 3 jj^SN J J jSfl S^-JJ ^JJLj C~-*t ._AMil C_i ^ lJL_»r 
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JjL-I ^Jp ycjJl Ljj i_JJ jj 3l>- ,jl ~aj cli.^j! JL&J • ^L?- 
O-Lr j tAJliJl j^» iSyJi tU-jJp U (^UJj c~*L"j i^J-ij 

t^ju j-i ;*>C15 ^.-^.-aj O-l^l C l5 ^Jl ^SJol ,43l>t-^jLj juSt ^Jl 
Ujj^ Jii t^jJs ĕ j^iJl diL' f-L* X .b-Uu-u C-^wsl JLaJ 

.^pisJ.1 ^ ^"U> ^Jp cJLiil ^jt 
. J-o->- £*■! jJ' tiU-t ^t Jl ^tJjuJ 01 y 6 tbJLii» (^ji*^- u 0} 
^Uail :> jj>-j Uai (5 y UL>-I tJl ^ ijJUJl ^ ;cdl Jb-I jl 

cJju-o W : lr>J ^ l*J>- ^^-J* jiJl £j . s>' . L j-si» ji j-Lj ijLS" L» ^ 
.Lu-jjj J>-b y» jj^-I cJlb l£ j"J L. J^ (j^Sy 



^tjJJ *-1>L>Ji ^ 



4ijj <, « ./i ll y lilj c^_....">ti IJL"jv« ^j-J ^l Jl £tJj^>" 01 

^ ,_jd*j> t( J j^Jrl tUaPl j^. ^j^JkJl ,_Jp t*j"l C-~>- tUail 
j^iuj jt t^jJc j> S-JiJl J^ L. j£j tLJp 01 .(^jJi^ Jj-Luo 
L>oL, .,UpVU ^LPjVl Sj^ tA^>«^jL. 
j j5J .^.Licil JwaJl "^Li -kj-^S' j-^i Lf L«-^4 -L4 c jL-Jl ^t j 
S^j^Jrl js- J1~j Lo-lj t,_iJj j " jiiT cjLiU- i_jLMapSflj *^pjSfl 
IJU J>b jjt jil f UajJl j 0*>UaxJl j t W2*Jl c^lp ytJl ^jJi 
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il» j_j SjLp aL>\5 o _j_L_a!l jli t J_jVl aL* _yU . jOL^aJl j _jJ-u___Jl 

.S_>o j> 

_^>-l _j^-l_j i^LL_aJl — Jj tl_)_>-l ^ 5J _j__n-- L«L?rLaj>- j[ 
-_j j_— * ,__L-ij ^Js- S~>j .LpLo (J-*M ^'L__aJl .^uJlj 
i k. - f__N_-_-J_j ..__--»_"'_ - U-K - Lu-t J .,.jt7 ; .-_>v- — _J '__^__l. oJL- . Lj-.._-<- 
i___>l>L_J_l_J l-JL_2__L_« ~---i.-»_l sJL* jj\_Cj t jjjj L»J-LP . L___o__>«_- a __>- 

L» o^Lc- _j t JU_UVl tSji Ljijj ___,&: -(fontanelles) r- jjLJl 

i__j _jJl £-«_j >Lla__J. tLi j_C _j tl_*J___-£ ^L-jJl — ! -_-»*--L_« j _j_Xj 

. L_- j»_->«__j Lgjlj t4jD. __9-P J-jaJ L» _UP 



theoretiul head 


our head 


rods 
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Jl 1$ksJ j&i Ll^Ij ^ iJke- Jf .^UjLI Jajr :^>L^J~lj ^JaJilj ^ljJ^/l 

.tLi^lsJjt -^eJp-l} 



<$L_Jl 
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.aSC-J: 5„a:< c^LjJI £-«j L_<_>>_>- J,_Jl t jJL| 

j Jj j»U_Jl a JL4> tS-o-iJl ^ ^LL-Jl A-_j ^Jl c j>U_J| jj> JaJ^i\ ^J-^j 
jS ^Jl ^Lapty j i_iul j-Jl j> Jy-bJl ^jip j_£ j tSJ_L_. JlSsS" 
cLJit ^ j>U_J| .l_tS\j J-n-^j fL_jJl ^ dJLJl ^jjl .U^p 

J ./3 a ;" t^— — — ' j jla—L; IJuJ ^UajJl eJL* cLJ j>«-_ - ^ _> j*~> LUaPj 

,£a ...Jlj *1J| j Cji-Jail ^jlp LiJLC-L__l SLjJ-O jJ_J j AjLjJI ^ 

^Jl toL.-LJ.lj ol y>J-l ^> JbJbJl _1La A^>^Jrl J>-b 

jiSl J^*J ^LjJl jL» t£wslj jA L_fj .AjJlii *L_pt ^Js- ij j_£ 

cLJ.it t\j*r'\j tl-upt ^ j_£ <_£ j»-S r l _->L>-LJl .ol L| «JUfc 

^t Jl £jj_u" ^ (^ oL-L>_Jl j> JuJuJl jl .A-iity Jj^Sn j 
. jUj,V| (^J^J J^-*°. *Lj_pVljtAiJ_>_.l oLpI yJl «JL*> Ajjj jj« 
L__»Je>__J ^Jl cOjAjajJl ^1 Jl ^ tL—P^lj ^UajJLi J .,r?V;j 
AjJJ_j L__P j— _- Lil ^j-Sj . aIS" L— ■! jj Lljpl iJ j>J j) ij*J~*_jj l^y?»^ 
AjJiii aJ___i Jl Jt_Cj t^L»jJl y ^j^i J$* tOjAjaJl aJLA 

.AjL^Jl A-J Jl >_jl ,ji pVl eJUk J .L_Jj ^ji 

jisi LgJl a-J Jl ^Uapty ajjj jjk t^t Jl oL» LJ j^jji ^LjL. jl 
J? .-;lj . L_>- L^.... 1 ^ < jl t;ol jJl ^j .A— _— £ tL-il apjj_£ ^jj" 
jJa*j jt Ai.Ja.iu J,,^:" ^Aj cJaii «Jb>-I j AjLIsj aJ 2L-»t ^Jl t^jLuapSH 
A^-l j cLjjJ A-jJ^I <_-Sl jJb. J-__J c^JJl C^t Jl ,_-s_jJl .O^lj 
_juVl 4j>_-jt ^ji oL. jjjj.1 jj>-t :SJL»-I j AjL_> j aJ t^L-Jl k- — -*Jl 

aJ-^-o LJitj Lupt Jl ^-tiJ ^Jl ti_jL_pSfl J**i .^LjJI Jl 
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^ - Q-> «Jl '_ s_L*Jlj c4jJjjL) jdjCjl (_£j%__Jl (__n_L*J| tl g ,-fli 4jL j__JL 

0*>LJ_jJI ^Jj^J Jaii 2^1 j i_jL_lpI 4jL>jf i_jjLL L . a.o. - JLi J 

jJi jJL^ ji .Su. .jo 9 --*^ 1 J^ ju^i JL* J-*" - 

. 4J jJl j jj 

l_j">U_J olj jj oJda hJi J\ v_jUapVl j-« «UjjI -JL* _jJ\J j 

aJLLt* i_j\jUi>j LgJ *Ju.jVl v_jL_lpVL» :a _^J > .-j--*J i_JaJl 

l_____*JI .I4_.ll» jj fjiJ .^1 _jl j>P 4_>- j^j> 01 jU~» -b»*_jj _l-b>- 
L>Jk">lSo .LbJ_£ ^JJl jL«_>____u jjl i_-_a*Jlj t^'1 jjl ^j'%' 

JjISn-TLlc yVl ^ 4_Ci__ Jl ^,._jL l . j .^L-Jl jL. j^Wj 

(j-« J_>-lj ^ jjiJ t j^- , >. j-_aJlj tcJjo^Hj . jUJbJl oLi jLl,» (jL>_»*j 

J j>- CjL jJjc» J-«^»=j jl ^i^r J^ <—-.-* «Jlj tjtJljiil j^ l_-v-jJ| 

i^L^yi 5_ ^ai 2,,,/..ll lJU^I Li_j" .iS" jJ-lj ^L-^I _r* 

ls*^') J* 1 £ j ^ <__^" _s*j u* '^J-h 

^ ■ ■< _ > _' jt-> t(^g_>- jJl i_ , ,,^«ll j j»JI jJl i_~n__jJL (__---j L_j Lv« 

. Lw_>- ^j-l ^Jl elj-«rV Lp yl -JL. j^» 4J L* 
jUiJL-^o I o q* : j _ . r ^ J j jj j-«L jtJl j_5l ■ ~-*Jl f j-*-' 

Lp j>-j 4jLI__>J>I L$_>-j tL>_ii ^jj» JL-__>- cjL» ji*j> J-o->-j to">L-_JL 
tj^j'1 jJl J^C l_...aJL L$j j»iC>_Jl j»_j ^Jl t o%Ja«Jl j .^L-Jl Jl 
0">L-jJ| Jl 4iU^L ^Jai L__-) cL S -.J_>c__-J ^Jl JJJj- j___ai 
^__JjJl i_ m-jJI j* j^Jl j_Jl <_■ s--Jl jl LiT . LJit J/»-L SjLJjJl 
^jP ^LJI JbJUJl ,lVl *1jJ s-~J\ jl .Uajj 4_>-jJI ^ ^L-j-^J 



dUU-b i5__Jl 
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J~j»«j *_____! IJL* 01 jj» — jLi_ijVl j& — jJl ^J^ 

t_iyy LS" .^LjJI Jl L* ^>-j _ip jJUU ^ a___L| oL. j__.I 
Jl ^Ju 4j__»_,1 ^ ySfli .L-jj ^'1 j_I l____JI jit _L_Sfl 
^ jiSfl o-La ^ sJj-Ij _ip jjjijj ^ja oJj»-Ij oj=*-j ,LI— _t jjJ—r 

. jl__Vl __-* (>• t5>-i *lj*rf ^ L_jj ^L-s-^l J-i" Ot 
0L1 jlail JJLj »L_yt ■ " J N .— -*Jl ; i^O^r jJl '- <— *ll |*_sj>— j 
j«_sj»__; _jJJl » t _g' i "-j-' j-^ _— — JjJl jA 4jLi t<Lo_*il jy— j LSj . 4— _ji-l 
.p.._:.,:! SSJJjJl _j*>^ „^«ll oJL- ^Jl>___ .4>- jJl jjjLJ _j*>L_j»j 
0} ._JJi J,l Lj .Li jjl — i—Jj ' 1 g a-_ ; j L>-l jj— ^ijjj ,j»^j>tijj 

Lj-aJjjrT.i-i ^Jl t4_.Mii' ^Jl _J*>L— J»Jl Jj*-I .£jlj J^-~-! * _/>*-* fL_^t LjJ 

ajjIjJ 3-_j_U aJL-j-l ^j-o—J - J_L*>L! L_s Ll j j i! j£ - j^st-Jl 

»c» J^"^ **jI ^ tL__Sfl (j^j .(depressor anguli oris) (t_-l 
HJu—jJl ;Li 2jI ^L—jkLj L>-l j>- ,jL aiiJ Lj^« Jl>t : , » i 4jL_ *p ^Lc- ^ j*j 
cjli L_L_t L_->_i l-lj .(Corrugator supercilii) >-_>-L>_J 4___t.ll 
JS" JU_T t_j*>L-jtJl oJL» _^ eJb-l j JS" jl .4__Vl 4jL__JI ^ J___J 
Ljj j»^o_Jl »^fj-»r jJl _ftj.L— JL j»5__J ^Jl ._; j=»-Sfl _j*>L— j«JI 

jjP 4_L_jVLS' sLit _jj Jj>- d\ .(_jrf>- jJl t____Jl £j3l Jj jif jjP 
JJL>- _ip _jL*>Lp 0 jjCj _i (j_--»rl ^jj JjL_» j_P J-X_J jt ,4j jl jiil 

.4>- jjl (^j-jL*- Jj»-t _ip (^j^pr jJl ^__— jJL ,L 
oJuo 2L-ljj ^j» ^p-L» _ J»j Jl (_jjLL 4__-*>Lc. _jIJj Lc.j 

(j_--_«Jl *>_' .">_. .(_gJ-a_. Ljj (jJbCj (^t jt jJU V .t_>L_pSfl 
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.Uol J>-b cj!>La*JI Jl ajIJj Lc- yl d"%* <-^>r _jJ* j j%-S1 jJl ^"jAj 
-ttliil j jl\ LLf ^iJbi tlj^t jljJJy - jLibt jU.^c- ^ 

>Vl W>H £t* ls^ "^ 1 ^*^-^ Jl ^ >' JL-jl* 

tL jiJ jUisLii (^g^r jJlj jJl i 0 s^ J ^!*^*^^ ^ tLio j-io j^S"Vl_j 
oJL* JjU j jj»t j ?lill .cliJlj jJl J| L-g-P yl j^L-^j U: j 

Jb>-jj V Ajt jJU cAj jllil CjIjLJJj J^-ij A,,<j -ll i_jjUi> jjl 

tc-.ydlj t^LiLaJl iiLki ^j>- V j cU fc£ jS i^?» jt Cj^pLT llL* 

jplSLi ^jj La Jj^I ^LJ jSJbt 4>_jL<apVl aJLgj lj jjjv«j J^>- j 
o ^ ^jijj. as-L~. c-Japt JuiJ .2001 f Lp (Chicago) 

.Aj J-fJJ aS"U* JUptj c CjL Jj>- JjI jS" Jl jv>til ^Ls-lj C^lp Ai» 

«.lj>Vl Jl J jwa jJJ JjVl a j-JJ jljjJJl j j-L$juil rcSS («jj jSJbl 
iJaJls» J»-b il^L-Vlj ^hUSU ^JUit jjjj jl .*LJl ^ SuU-lJjl 

* f ' 

j^jjAJ (jwaJl c-jI jj c jL-Jl ^l j c->ci Uj-lp LLf ^Jj»i j £ cJLS' 
^jU^I j Jjl jSCJIj iJ jL-Sfl oJLT ^iJ . JjV SjJU ^jJlj ^l jJl 
j jSC. jt JiLc c$Sf (j^O:. V -s-^y Jj J j 1 -^ J^ ij 

oLSJj^ij J. k_-jL!Vlj JjI j-nJI J* 5 ^. '^i s ^-f! yL<aJl ^j* tL 

.LjiS^LJl sUjI ^ ^iiJjj t<U> jP 
cjL.JjLI j d896 fLc ^ Lu» ^JL jLS" .-U^il a jSCiJl 8 JL*j 

CjjjI IjI . JjJj^ JS" jc. CjIj^ aJL* A»<J J jf LCJi U^sAi (j-J^ 

8 Jj-l4 /f (J^S" j tA^ojU jt cJLLp 4^'L j j iJ^L-S/l 
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js*Jt> £*JjLJl ijJJij lUajj Jj jJ* £SjL* (^j-J ji .^Ljjjl ^ JSsJ 

Itf f»r jJl «Jl j (Jl jJl y/i.US" oJuull cjUp^ 

. "wai^ "Jajjj ^tjjLJl IJL* l_U tLi 3 , , ...:Jl) 



sLio^ OL«aI>*j SJaj jJl J c5 juil jl jJ-l -^ji 4jL>- IJuj Jj-I V 

tUjJj (^JUl cJUl ^j^^lj t—jL^-^l "JaJ- j .S^yL» "JU- 

l/>\i>-l JA ~<P j*j£ Jl j*j" i.V>yJ~\ y l J> Jl O-L-l J "Jji- ^ J j^jj 

i_j ^ J^-io i—jj-jLS' j-Lj (.^m (Jl j^j t(Frisbee) JUaJl (jJaJl "LiJ 
^LiJl j ^j^ijJl j cjJLtJI jjl .Aa^^^l^Ajikji LpI y\ jm-^j 
^jJijj ,_j j-j Vl (j-« ^LaS^I *— 4 jJaJl JaJju cl_jLa?-^j/I Ju«j ^j^ijJlj 
o _JxJl oJL* oJLpIS J-»-^ .«jiJj' « Cfi£-\ J-^i ^-r^ tJL-Jj ^JLp 

^waJ jjl-»T7i^ ^jjl c*L*JaJil J j>- Ojows ^*j.jI ^J^ 1 

jj" tij^Jl Jjl <jj y 01 Lu>wC cLj jjU ^jLJ "J*>\j" j-o-P -L*jj .0 j>tJ-l 
4j~b- AjlS" jJU ^Lol JS" .L JL" j»U Sju ji JLhj jl y^YI JlJYI j&i 

L»Jcp . jow* ijJj-L; (JUl ^jP J ,/3 i \* l-a : ,..; ^Liil :^jL>Jl! Ojj*-** 
o-uLij:. Iju* 01 ^j^j: c-lplji-^l j coL^LoYl o-LgJ cj-L>«j L. ^.ji* 
.....^tlj t( Jl jJl ^" s^uJl jJLSi ^ Lc. t <JUj»r j Jl (Ik 
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toL-Lo^l oJL* ^j* 3-L?-lj Jj' jj^-y* 3jj>- jil L*>LA-I (ju ^j 

tO*>La*Jl j>-Ij cJi*Jl is^— Jl L g-J a»! JSLtw^. c^l j*SfL <ij j*il 
aJU^ Jb-lj JS' J^b LjAiLl^ JULl* ^j j* iJLa .Ajj^JI A-Pj^I j 
<sL~« j£>tL$j j*-"^ l-g-ia»! L-L-j tiJLa | » - J U L*>Li-l ^jArjj c^IjS^jH 
I jJ l-ii j L*>L=*-I JUJlsO j» ji LJLP . <U~jL! ^ jJl J>- jJ i aL jL> 
.jtsi LiJai* jj-»Vl ^waJ t^l ji^il oJL* ^ja Jb-lj JS" J»-b 
t ^JjLJIj jJUJl ,jvSUJl J jty ^ jiJl As^-jl j£-£J c AjLjJI j j 
jl-U-Jlj (Malleus) a* JJ.I :La jity »*LlaP j^» ^jJjoi^s ^juks j 
^j» jJl Ll .LjjJLiJ ^jl o*>La*Jlj ajj^jJI JLp-jSTI ^s^-tj t(lncus) 
t(Stapes) ^b" j^. 3L-JI 3 jtjLJI AiJLtJl jity AJaP JSLtii aJLJI 

jtJjC^tlJ ^Jl 0*>La*Jl j»Ja*-«j (3 y*^J-\ ^UaP ^j* 3jyw» «iJaPj 
i-jLapty j cO*>La*Jl j j»Ua*Jl AtJLiJl ^ jjl Jj)LiJj .Asr jJl jjjLo 

^jiJl JSLiJ I ^lj . *JJJ L$»-b^j ^l ^j t3 j>^J~\ j LL^p 
if jjJJI jA tSy*] jJJi ^ Lc. tLJ^s^ ^ J^pSH *ljj>rSfl a*jI )\ 
.LjiLkj tbl ^jIp LaJLpLJj I_$j Ja-^ ^jl A^Pjty j 0*>La*Jlj 
J-i. yj jj Jl j»\j p->*^-> ^jl^- JL<jS\ii jl OjUai^l jJ 

SjujliJL* .^-Uljl Jj^JiCoL^-Ljl^ jL- cajjJajtLi^jU^rit-» J^b 
jli jli-l ^ ^l ji*>U 4~*JL jLLl LjTj . oL^LJ^I oJLa y 
JSLiu ^ J>:...i J jVl» .aAa ^Sly JSLtJ oUrLJ^I 
.jiSfl J^b >-~S\Jl Ja*jj (Eustachian Tube) ^j/L-l 3LS 
L^i *j.I Jl j cJLJl Ll cLJjjJ J^j>»j (^JJl c^J»j j>Ji J^j J.^'j 



_J_>b aSL_Ji 
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(Parathyroid) aJjJJI cjIjL>- -^-Jl j« J-J ia<La bJlp OjA£C_o 

.(Thyroid) V jJl _ (Thumus) ajj^JI j 
^LaP^I p\ p+il i£J-U jS\ Ju»-i jA jJJ A_«Ji L. 01 

^S-U L.J-P ._/J Jl _-• o ji^Jl tljsr^l c_JL>- Jl LuLJ Jl 
J\ ^,..„*W .UaJ J /_l ^-jiiL i^Jl jjl ^ti „^»1L 
_^S\J_J pJl jjl ^jJ^J y-uJl AjJjJ frljj u. ■■ Jl 0J .AjLiJl _y- j-Jl j^j^J 
_y- jiJl _-• L-L.I cjj j_J iL^Jju ^Jl 1415" c__jTlj^l 01 jA tOyiVl J 
L» .aJLJI ^j-Jl j ^jJl y*«ft JLp aJI- J ■ Jj^l 

(^Jl iO-Vl Cj%_^-j tA^^pr jJl joLuJl c/>L-P __ i! jL_il t^-Jl 
JL__JL Ll .aJL_1 jJiJl AJLiL LjJjT LjJl jJl i_-_-*Jl L^Jjy 
J-_-S LjlT sJuUil LjJljL_w» OLi tS_jl Jl j AilLiJl _*_- j_Jl __jL-_pV 

i_jL— pVi oJ-* . Lj, ...ii Lg-J j5l ^j» cjL_J > ■.5"! y _;JJJ L_J l 3JL_>cj 

i_,LJJl jJJl i_.. .,^»Jl lg:.; _^ ^Jl tA*jl Jlj AiSLiJl _«_- jiJl _,<• 
1 J_*-1 j J_Ci tA^Jill a___ i_jL_pVi Ja£ £__j* ip-jJ.1 *_.■ ./-Jl j 
.LJ 2_>-L_II ,_J ji^l _-• CjLJ ^JI cc____Tl j_J JCC 
^ J jSLill cjL LCU ^ ^ L JLpL-j t(J J JJ ^L-SH J-k>Jl 01 
j^L* j>- OLS'— A__JiJl c^jjj" IJ5sa —1820 ^Lp J* .-ijj_Jl Jb L$_»__s 
(Vienna) L_i Jp aj_j^j « <j _r-*^ (Johannes Goethe) aJ jp 
aj j__C» cjI jiiJl cJLS' ._Lr-J jAJL»_u LJ_p jASn_a J_*Li LJuP 
t(Epiphany) _^UaiJl Jup aJ-J- ^ .a_J_si a^_»__>- Lji jij 
_,-• Aj j_i9 ji iJJL-T jJLf L$_L>- A_j>_<_i-I ji jj_JsJl 01 Aj' jp tj\ j 
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J>j Jj^ :^^> J-^ 1 



;J^ljJl J ^L-SN WJl 

C—Usj LgjV ^jjj « _^* »J>* C-iiS* JJlJ ,4_~J-I LicLkpij L^ol 

^L-Sjl JaJa>«il j> _jo>*_~j U^t^^j ^L-^tyj ^jjyJl 
S ^bJl 0 yiJl Jjljl ^ U% 4ju*U cJLS' 4b _pJJ.I sJlj> ol jl. Vj 
<il j Jj t(Lorenz Oken) O^jl .j-ijjJ p-f5-ri jj j^TL-UI <jS 

. 4jL±u> JW*_J ^ J Lj ^Aj Lg— ~jj a j^ilLj tLsf 

l** ur^" '^*^ 1 j* 1 *^VjLi Oj^jIj ^"y 1 ^ J5" OLT jla! 
tj^-jL. Lu-~*- _>j viJJi ^ (t*JJij jLiyy LjS^j jl L^Jl ^ 

^ja» ^jP 5jLp o jii JTj . LJl yii ^ jjjS" J^JLi ^-^i Ja*Jl Ijjt j 

IJl>- J»J j^» j tLiajl ^..,-jL« LjLapI ^ _!■■ ' ■ jl . L» .*>r ^jj» Lo J JiC 

.j^JLl ^JJtl) t^^jwJl ^LiwJl ^jjt i_jLopS/I ^ ^»«j .o>l jJtiJl U- :■ 

limm —lilili^ltiiiH 






4 jjcj/ ljCc <__yjij' j/ i^-y/^ ^Ajtw _^-'yV' b^t»" m 



3 ^alr^j o^La^^ij t^yj2*Jij ifU&Jt -jU-tj t* 'Jn^t-lj ijyjtyj 
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^ ^L^Jl j y—' Ji J*^ ^J*! j JiJ^ ^i 
jj. LJL>-jl cU*>LaP eSJLo t*>L\<j .Lu— 07 j^. j£J i_-*-Lail 

J*Jyj- L$^J j t^iJJiS' ^J ^Jl jJU* V .UPjii ^JuJ ^dl dJLl" 

tcl/>UajJl j t"~JajJl frlj3r sl :>-^ L*l jil 01 .Uajl J-aP ^j*r Jai 
IJL» Ji LL* t( *JL OUJl Ji L^ lilj .^LaP^I j t^jyl ^ j 

.<b>rVl l£-J Jai,» «I y Ll .Ja^jJl 
UlS' "^j ^s>Jl LjJ yj\ Js- l^o\ _jl 2liVl JS* Luj>-L^ -UjjL" 
<lJJ ^Jl t(»Ua*JLi .,VJLJl 0LJ*VI Ji jaJtI ^ L"L>- ^ LLol 
tO*>UajJlj t-L* j-lji-l LJ jSI (j j* J^-*"-^ tLuj>-L^- ^ ^jLUaJl 
t JjVl J*-l ^l ^ 4— iJ ^jjs^-Jl JkoJl l*-^- LgJ ^Jl tj^J.1 jwJlj 

, l juJL5' L»lj Ljip LlJ sU» L^jto^- ^j 
015JAj j*lJI ^ UjlpL-j 01 (j^c. tjjkJl J j>- t^-i *i 01 
j^jjJ jjJUI jLils>Vl l£-J t^ jii» j* LLp tl^>Jl l^u (^JUlt 
lApcj. g> Oj-Jjj. jiJJl Jlitty t*jtUi .SLiliLl o^^^l 
j>Uip Jf-<Jj^-^j t J**j" V jliTj t jJu^ JJU |^jjJd J jVl ^ jiJl 
J5di ^Jl ^^-Jil j"Jl ^ tj*-jj-U "o jiill tLi^l 01 . OlJiuJl j 3i ^Jdil 

.Jj^l^jiJl^^l^jJl^ 
tJ^^Jrl ^ W^J' gr* ^ ^ °i 

t^jjjl^wJl j <, c->"!>Ljfljt5l Jl I-LjLJ "u-^I ^Jl (_jLapVi j^S^ ^j-» 
>-U^ ^JJp JJi ^l j*Vl 01 .sJLi-ljJl i-UJl j t(»Lk*Jl j 
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jt : ,jy»L>J.I J jj» c-SCJl _j» Jj JjJI ^ L^>«.:".~.i ^Jl s ^SLiJl 
I«Jjp ^jjJ^j j -(J i jjill jjl.tt.xl ^ LttjjJ Lp jj I jt tj^- (jv»L»»il 

C-£" ^Lit jS"jjt cCjISsJI oJ-J OjJoJlI CjUs jil -b-t J*>U- AJ>-Vl 
2jJU* ji jJLtt-xf ^ sjLp U-«->- Lil . Lv<>->- I : a ,/s" ^SCJl jt ^Stit 
. ll. Jb-I j JS" J»-b ^Ut jJU* ccili ^ i jJl\ jt 
c^l ySj\ (j-ws ^iJ jj-t Jl JjJi JjJjJI jli cLjtj LttS" 
oJJi*il \J Jl l-jUipSU Jj J* ilsjU- JSCiJ ^Jl oU-Lo^l 
^l oL>*Jl j oU-Lo^l oJL* jl .^J Jl J^b \AJi\ pj 
150 ^Jp Jjjj Ll^jjJuJl tLttip2ULj£ ^JLe- co j>l^xI Ji coU jjpjJj 
jJLtt-xVl l£-J S ^s^J-l Sjiki* ^ j-i->-l ci jJLiJLS' j JJ Ljj^ $L.Lp 

^ii .Uajt oLjtUJ^Ij cAjiJl sJla L$jjJ jjLw-ty 4^-t jl 
p~Z\J-\ uy cjLpI jiJl JSCiJ *4jLgJl _y oLrUJ^I ^i-J c jJL—ty 
cj^LU J . jJJlJ SjIp cjUUJ^I jli cLaJ L.t jiJi c-*- 
a>- j^L. ^yiJj ci^iLu^l _y jJLiLl J jJLiJl J-iuu cA.-»,,J?ll j^ 
L« S S' jj5C L. LJLp c*^i» c^j-ljLl (j-sSsJl .jj-LSl jt «_j j-^ 



jj__b a-__Ji 
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human embryo 



shark embryo 





Jt^j[__ 01 ptJ^ji ji iiC__ J__*- </_/_v J±&r ^ fjA^' <—__ 

oVU .j___Vi _/ JUtl J\ ji ciiJl_i ^yl! J_i 

c^c_i ^J* ^ jj— _J '»;■'»>■ Jl__V' _J_jj tSj-Li 

^ ,i__Jl ^ jiji ^ ^ _j_-?- _ _j_P J_f SjJw 4__zP •«j* ojLp jPj 
____■ ^^yU- 4~l__ »1 y>.Jj j jv«j_j iji-^l js|*l j> (^*^ 4 j _>.- tiJ__l -J_- 

. _J__J ii__l & j_J __o_> iJL_l_ 

4b, aljy^ _M_i Jj y_i ^ 01 jr 5*» jjij jr oj 

6Jbo l> ^ j___ ^ jws j_l oJJ jl ,Uj jJ_j ^ AjujS^ 1 __/»! j-SH 
L_ _j jj ,ju ciL_j i___ aJjLL. ____ jl __>_1 tL* ._j-j_ J_" J_*?b 

.^ Jjr _Jl d_J j»j_)_}j ^ 

J_£ _J>j_- t^j 

_j-j_Jl jl j_ ^^-J Jl _j*>L__V! .j>>__il ;L_t *#___• ii^P 
-ly V L y.j t jiSfl pUiP _yi~ L-J JS__- jL_J__l (_JJ_ J jVl 
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(^JJu JJl c^t J\ t_ a»Jl jj$\j 01 ^Liil ji^ (j^J .J 1 ji^l lS-J 

V-^*Jl : JjSn j y& j* J C^J Oi^t 

[^ijj^te- ta y>s- \j^>} js^J l<+>\^\ j> jaJI J**"'- 5 Lj">U-l p - » "■;" 

*j*>li!l ^Ua*Jl <J-b-l J5ClJ $(_> Lj-J J-»-*^ LlA • Lljag j 

^g<» ^Jl c^Ua*Jl oJL* (^.b-l .3 _,^wJ-lj _jl SjLpL» ^ SjJwaJl 
^Ljl^I j £_ >>»iJl j .^JLJl ^ LjlpLJ c(Hyoid) V*>Ul 3ok»lL; 

."uJbJl liL* ji ^ c.I^jU ^Jl jTI jJJ .jJ ^Ss-i ^JJ j c LS 'y _^JJ 
jUpJu ^i*Jip Jj>LiJ >!l ^ obJl ^ jiJl j j^p p.,„au 
^pjJ ^Jl cLUJl j cLoJ i~*y}\ ;Ua*Jl Jj,LJ ^Jl c,_JjLJI 
— Lj-i j^ai jl JjL>) JaJ\ Li _i Ujj cjJL*Li lil ji*Jl jJUJl 
jt j^S. iS ji*Jl C-LiJl jt ola^V L. J - jAi. c^^aii ^eS yS 
iJu* LUJl 5^Ja*Jl jl .(>*JL ylll ^yu ^ c^oCijj Jcu: 
. LSsJ* jJJi J*f*J j j Ju (^Jl c"^Ja*Jl i*il Jl ^UaJ j> tj^- ^ j> jl5\ 
(»Ua*Jl <J-b-1 J>LJ .LsjJ >TjSLlj "u-p LJUJl *^Ja*Jl jJJj jl 
^JJ ^Jl cfUa*Jl jl )\ ^Ja^, Jl LJit ^ ojj^-^il "j^ 1 

.«^.^Jl j *1JJ L. Jj ^ Jb^-J ij, jii\ (^jj (^JjLJI j (^ jUJl OiSCiJl 

c^jri jl\ ja UjJjJI jt 0*4 bJli cA*jl J\ J "jJLJl jiU 4^JL; Ut 
^pOj" A^Jl ja ,1 J^rt jii\ j *1J| j ^^ASCJJ Ljj.^w-j (^JI 
*1JJ Lj-.Jb.i-J (^JI i"uJ jj! ^LapS^I j o^MJaJl jl .^iUi-l 
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t4ja..„. L ,,ll JU- 4^><a>- J^J iJjli-» Jai iiL* 



1 dJL" cJlSl 






</u/ i> j>- jll JMj'^ <iha (j><Jl JjL*I) <~*iJ' L,Lafii jJu ijjty iLtjU 
iT.A>w>/j ^Ly,LiJ JL>a^ iw-iTj^e (Jj ^ii; Ijl j£jj .(jl~j JjLJ) ^J-j^ 
i JiLdl ^jLa^^ti ;J$i IL^e- <~J\ j . ^''^ j ^ <jjJii j* LjLa*! 
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JjJ L.L* jLf Ja<JI IJL* ^LisiS"! jl .jdJl j.1 t(Salamander) 
^jjiJl *LJp jLf ^JJl tcJ yiytj .j&s- *-*Jl j yiJl ^ £>j^\ 
iS\j cl972 fLc ^ii c-^ LgiS" (j-L^-^l £j y\ ^ 0 jjua, 

(i (Francis Maitland Balfour) jjiL JJ^Lyi (j~?~Jl y jjJl ^lLc- 
L.JUP JJ ^L-SH JaWl J jS r 1 5 jJU t(Oxford) a jji-Sjt 
i_-5'l jlJlj tj^LsLl ^ jitj iolf jJl (jjtjj jJl « jJaJ ^JJl 

• Ljl^b 

JL>- (_J-— J c-oL>- ^i ji~< 2 i c-i jj LaJaj cjL« JJb t JaJ-l t j~J 
. o j^p oLJ^LJl j jlSj . (Swiss Alps) ajjw j~JI ^Jty 

SJulS oIp j-oji W,.,VJ t^L^2>-^l Jbo J j^l ^.L-^l J">U- 
(_jl tLJS" Sjj^-J^I (i j tv j-i-jLl LJ jit (i LjJk-S j toLJJ 
oLJjJI tUapL <• jiJ cjLJ-I oJw* jl . ( i ., i: ,,.. l l LpLo 
4iJa_« JSy j5\jJ .1_Jj ^ 4iL>Jl tlj>-Vl SpLMaj <» jiJ ^Lj*>L^«JJ 

jl ji*Jl cJJj JiJj^. •*Jt J ' L$J->v>*j L^>- Ll ys- LjJ jlS tLJjj-» 

.Jl_* jjJai^l ^-/IjJl ^ljit JjJjJ^^j^ cij-^j t^Jrl 
t V^Vl JLSkil (i (Otx) ^r^Jjt j^L i— *j*j (jy>r i— iuj t">L*J 
t(j-t Jl 5 j>-j-« eL4L LjjLU-j . JjS/I ^ j-iJ-l (j- jiJl J^-J^i C~r*- 
J ^*yi^J~ JS .(Hox) (j-S - j* 5L_Jl CjLJ-I ^ jJLp Ja^ 
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jt L^jT (3^ ji*il «JL^j .aJ 5W.t;ll y> oL?r SjiLji 3JuJ>o 
Jb-I j JS" ^ ikiJl oLji-l iSj^jA^, jJuJ-\ LJ y V *Jaj ^p- ^jcjaj 

^f jii (^*i^' ^ JS*-" : V J^r* 5 ! f J-L jt 0V L^JT. 
J*-tIj toL^-l ^jOju h . ^T; j^J i^JjLJ-» ij\i*»- JL>- .^---1 Jl Jj>-Ij 
<-J-j--j t'Aj\ii\ j JjSfl i^-ji)l ^ Sij^T jil dii^ ^Jrl oljL/jH 
( ^JjL*< dii j jJai uJ» j-* : jllxi 4j jJ ^JjLjaj kiij (^^i 

.^«..lall jws jJl ^ 4-^M!l 2.kJl <ui jjJalJ jt k_-s?J jJl i jlSCil 

jjj i-j j*-j i jl jI*Jl jjjii 

^-L-Vl (►-^ailL; jt j^l Ll^L.Li jt ^ t*-*- jJl IJL* ^ 

tL > Lti ^t 4_» _j^iwJsL\ ^-1 jiVl -Ljjjj i_-£-*>L jt L^o:. jj> 

. LjJL*»-l.*> oL-Ll J^LiJ 

S /j J\ oli Li">U Jl Ljl ^ jj j V ^ll ^l***)! ^ :^ j'j }\ 

c Jl LLi jLL. jj V jI j yiJl .-JLwt j ^.aLiJaJl JLp ^ii ji j- 
•9 V L^. ^LIi J*iJ i jS3j ? jl Jj.jJI jt ol j^LT ^t olijbi 
■g ^ ?-lJj LiLapt V j ca^.^- oli jJUiil oJu» (^t ^LLf 

U Lli t jljjjJl ^ d-^JijL^Vl Ljlp .L<J j>Uip V L^or L^Jl 

t! » 

o> lil^j .^-Ij^lJbr (IU Jl JjL_J 



137 



notochord j 




/ 


Amphioxus 






gill slits 






Haikouella 






gilt sllts 





U* j4&> . i> j^J-l J ji^Jt jtJ^jJt ^ ^jjjt jl~jpU <_j jSlt ^jjty 
530 ^J* -bjiL* s** i (Haikouelta %ij£~Jt) i/U^— « c bjjJ o% £> lcU ^r-^Jt 
(Jjt . j-^>- J jjLbj J~f- j (4f jJi> jJ- L*J jy^ jJ> yS' ,<l* j jJ* 
•ijytJl <--> j^>- <y ĕ-> <ji* iuJyJ jjjt yiS^jr» <ij j** i?L>iZ — f' »i jJl 

aJU- ji\ ^>ydai jjULi ^jjdJi tiu ji^ <t^J 

. (Amphioxus) A^jja*i JUll j jjJuj U ojU J jS t I ajmUU 

c i/ ^ 1 -^ 1 (^*^ 1 ^Li^ jr* j*^' iJjA! 1 

-g 1 LJ jji^S Jt (Maine) jjU j-» ^U^U-I ^ oljJ>UJl ^uUli 

^ objUJl jk~Jl r UiVl /45 U ?lill .(California) 

<§> 

|_; w)U— Ji ^yt JbJbJb iijCiJ ;4j jU*V tS-SjJ ,« .. j ■ Jl jl ?CjLjUi">Ul j 

S .oUjJIj oLJU jJIj t JU^Vl5" ib yUJl r LkJl ojU oLIjJ-I 

Jj>- LjjJ < I g*.-^ oLjjUiJlS' Lj-^i (Aj yii ^UsLP ^yj-wJl J 0 t' 
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^Js- Jo? l~a& jLi tdJ-o J[ SiL^I .U j$Js> J jJs ^Jjp JujC ^a^- 
I oJL» £_J-j- .^..,^»11 J*>«JJ jl j* JSCjL; tl j o .*■>■ J jJs 

^jJl yjjj f">L$Jl <L-iJ oU(Notochord) (J j*J-Jl J~M ^ L <J» j*j' 
^ ^a_iJ| ^JjP^jSnJj tL<ajj <U>-V->' L j^_» ">L>- ^-yj-J LjJ j .|,-_w>JJ 
^ Lj\>- AjL^JI ^ ^y^HJ p ■■• ^i LjJ (_£ j^J-Jl JJ-I jLi t ^ : g ■ J l 
ii\l\ jli ^ysl yVl oJ~* J-*-f j>-* lij . Ll jii tju ^ySj (_yJl t,_ysl y Vl 
J-_-s-J L»_UP j-«Jj j i_j ji*J jl _j^-C tL j£-> ">L>- o j-» j_f Li 2--">L$Jl 
^jIp 55" jJ-l (JLp ol jiiJl Jb>-I SjJi £-» J^-IJLi j\ t^->LsApVl ^jLp 
Ljv>- jli t(_ysl jj>Vl oJLjj J_»J LjJ i_jUaj L»_UP .1^.1" (^Jl o jiiJl 
Y ; g I j-N-i Cj^-jLj <-Js j_v L» ,-■>■ JaJaii ^j-» |jj>- LCJi 
J J-iaiVl <Ui«Vl (_/a*j . jlJbjJl l-b ji (^^J ^j.Jl jl 
5J jiJ-4 . IJl_fj ,jw_)l j j>c-v5 ^ (^ Jj t^ jJl oL_i_j>_il ^ j>- y» 
j|jj_ ^ j t<u_- j jj-. 500 ^jLp L» j-^p Jujj coLj.jw Jl ^ 
Ji .<uJ Jl ^UipVI j\ t-Ji*il Ai-jVl jl t,_j-jj jJJ 

j tjj>_*_Jl ^ OjJt^a oL>JaJ_f jjJ-J it---^- tl o g * L»_i jJ-J V 
J_4 t jf>Jl tJJ-^ jlaJ LJUP . (3-Uaj V j-«l oUL>tI^J.I oJL* Jajb- 

LjJl .Uajl jrjIj j>-I LL-i j^Jaj ^ j . JlUJJ 4j«Js J_4 Ji LiL?-l d-Lil 
jlJjjJl oJl* .a,,„^p JL>-I j ^ j^Js- J->- L_jjJJ (^jJl cojLs jJ_>Jl JjMjI 

. L-_-c>- (_y. tl j>-l J-^l J j>- t(_^J L jV>J 

^j»! jiVl :o jywaJl jlJj-Ul oJl* 4j JjLij j^-l JLa (jSOj 
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^ijLLjj tijy^ ^l jil 4jjJ t")U\» t|»^»Jl jl .2L> jJLji-| 

J^-iJ ^Jl t aj jLiajJlS^j . ^Jtjjl JaiJ l ^y» ^y***. Uji* (j* J^" 
pS-Jj ^.a».!! «JLa jli tUJ j=?^>- ^j-* fj»rl _j tLj.it ^Uip j tUS" j£li 
cjLs jl£- t jlJujJl J,l iyu U-l j J-^st j*y>r 0\ j-i-t^l l3 jii 
UjJl ?2L>i j^J-l ^l ji^lj |<: g.>-ll J*iJ bU. ,_^lj UjjjJ ^^-J 

oJl* Ji* ^ j . ^LxIaJl ^jjj SjJu<aJl oU^.ji-1 SUj-S tlil ^tjaj. ^ jU 

tOU^Srur uuc .l-jj^j ^-l-Sn 

^jL t4jtU?l jlll AjljJl 

j> ^Ip UjiJLbj Vr jj" -LpIj OjjJaJ ^Jl tcJl ^Vlj toUyUj 
.Uiajl U— t J ^LJ^\ t-.-^j^l UjjjJ t jj.^nll 



Ju-Jrl JaJ! J«£3l 



aJL J_j. aj_<_4 ^ ji^i > 2 '—'jLij Lc 0 jSo a>jp- ^ «jLp Ljl 
UtLiipl j cL>Lj">\j>- j t_Luj Aj*>Lj ^ o_ j?r y U_L__>-I jl .IJc»- AjL»_ 

9 l4u (/j-^ J^- 1 _> J\ .Ull LjJliC ^ S_ j>-j- 

^jLp UM>- jj ULpI ji .(jiaJl __-•->- Js- «_■ j>- y UjU_Jj tU 
aJIjJI otfj->-Ll jP UjJ? 4~-L-Vl AjjUjJ.1 aJut jl .__JljJrl 

.u>u ^ _^i _jt jwj_r j_o _1p ijai 

. _S j>-\ oli jiii ^l___»rl _^» p-£A t-y* cL_yl A____ ~* .,^rll jl 

LJ aL'L__- f l__wl jLL.S r lj t jL>__Jlj t _jLwVl cS-J L_SCi 
^l) A^-L«Vl LjjULgJ jl .LjjJ jyC.j jL_j _j t^L» _j 2_J j tA^iJL^-j 
tLkpl t^jjj LjJ L».j,o-->- (_JJI jJl jL-J^I j 2__i!l JsbJ 
j^Ll J ji» __Lp Jjs.^yi. L$jJJj .L$l>-b aJ_._Ij ^-Ij^- 

I ^jIp _> ja jjbj W ^ -L__ul ^>-J L__T_j . j-flaJl 4j_j____> 

| __. v_.Vl AjLjJl JL* ^-i Jl .L^L^I __. ,,-iU JL__fU_l Mrl 

_s! 

® c_L_Cc L_Tj .abU- aj ^^j-iu? jl g;jJl c«_4VU t^-Jrl 

A__Js>J <J_jJ jjj A^L^I A^jL-l __. -- j_Jl _■ j~-J jL» tjj-^O j^ 

^ US" .aJLLI oUIjJ-I j L_>j___- t jljs-Sfl J_j-« ^ JL>/ _lC^. 



-jJb-l. ;_C__Jl 
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.Uijjl -J_5J__- j j_ni_- 2^L__>- .l ^L_> jVl jt 
: j^J-l iisjU- Lii_s_ Lt jJ _^>_Jl J.-L-J ->I •*>-> ' ./^ 1 J- JL - i -' 

ta J>-'jaj 2-.J-L- 4jjJ (j-Jj -^^J *-<_» ^jj 1 ^j^l ^_L - - U: 4 «L*>_»_» 
|j_>- L_J_js_ jJuj _^>_Jl Jj_U- (*J--J 01 cjL_jj j>£. _j t Jj_j (j-lj "-"j 
.-c_i_-L i_JL_.,.-.-- 2JjLL- 2jjL_^. _tJL___ ___»_- V ■ .b:" ^jp 

__9j__ «2JUL7 dJJjL- ol oJLS" t _'l 2_L__I-I jSCJj t J jL>- jt __l_x_; 
JSnJLi I ; , - e\ XiJJl* J>-t (_y« • L>cjj--) j-^ Lu-i Ll_- -j-.ijCj 
L.L. .olj- VI ,_/__". Jl £__»<___ iaJIjlII o_I jJ-I oJL* £_ ___*___• 

^ L jjki ^ i_-> j_SC L>«jjLj jLi cLil J_>tj L__jjj J-J-l ^y- L_S" 
3 y.U_Jl jLjty (ji^ JLp Slbty J-_£ 2-_» r t .1 j| .^jJJl Jl Uaj.jJl 
.(_£____>- 2__j J..,.-?-" ^gip SjJjlJl Lgj-J jt L_S" .aLs-JJ 

iijl-U : iT pl\ J-»_j*-l 



_sf-ilj tAjL>_i-».U cjLjJ_JI 2__l jjJ sLLJl oLI j-Jl sJ_T __J>o 
Jst-t ^ cjLSL. jJIj _JL__-Vl 5__ljjJ sol j__- d/>\i Juu. -J*Uail ^ 

L.___- J-_->- — j__Jl -_~J_ dJL_-Lj l_l — 2_J-I ^ ^Ja jU- jl . ^i>- j Ja\ 
ol_ y. : jjaiJLI j _-_>-Sfl ^ js-SCJl LjjJ .--_»- Sfl ^ c-_*-Jl oLb 
Lg_u_>l CJ-Tj . '_ ^^T' J _/ a -i ls^-J '-^---J ^rl 'j_-_J_-Jl 

.-_jJb>»j. L. 4jj ) _____ L.j_- 
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2**^r 4~>H J-L 

U ji ^JLiJ oJUbLi*. jjj,l jj» jLS" JLaJ .CjL^jj (JLj _,P LJjJs 
.jtsli jtSl caJIJlp jJl_v» c^ll yws itjy^-l jS LlSCi iLAjjlajj 
ajUS' I jjjT SjLp ^ju^-l Oj^s c^ll V cS--" jJl J j1>>j j 

j^i . aJjL* Aj ^SCi jj£ J C>a.a>- Ji c j jJaJl ijLp ĕ JUbLl» jl 
jjJf OpL>- — L*)_L| \jju^o JiS" — Ajijii-I CjLIjJI aJL* Ji» 
JS\_Li aJ jil L*)_Ll cjLijJj j <Li jS<> 0 jo-L'" j t^jLLi j taJuLt* 
coLJL jJlj tijL^-Sri 2L>1 oJLS' . Jujll _t_A jLS" ^&j . — Ij3_v3 
L$Jl .,L>-Vl (iLc ^ Jj j* ojj ^ L-jJIj 
jit ,j-lj LjJ Lj j t y » j> «i . ^Lp JSs-ij A^Li_> jJ_> 
Lj*~ej>rj .oL»-Lol <Ju*>Li; ojjJaJ IjLj tjou<9 £^Lj LgjjJ Lgju^>- j 

l^^^j^lst ^aL. i_i1 _2»Sfl CJLS" cAJLiJ-l .aJ ^Jj» (»-f-ljJ LjjjJ 

aJJxJ LjjLL. ^i cLj* .aJUI aJ*>_JI cjI j_-Jl J*>U- ^^«Jl i£y£ y j 
C~ '£ i i_i_«-*>L*Jl j ^jLL_Jlj c jJL,LoJL_J|j tjjJaJl ^i JjCj^JI jjJ— ' 
CjJj i^jLL-JI J^jt j jjJaJl A>_j r lS' a_jL>J,I <_>l ^Jsty jt Jbrl 
Jl ^Jiil C-S" .Aisrjl eJLjJ (^iJ^.J .jjJaJl J*>1>- IJbr A^L__. 
Lj_xJ tUib*- jLSCit ^j-L-r^l oJljj ^l ^-$-1 .aS" j_L* ajjL-* 
jt LJLp jJU t ^S\ Jl >JLj j .aJIj jlSCil ^ ^Lp JSC_j cjU 
a_»L_-j _JL_- t J r l j loUL. jJl j tjjJaJl j coLjJJJI <_jLi">_>-VI 
JjjI JjLS" JLs-p-L c~<Jp j»j .L^J ^-L-^l V-JLj. 3j jLi. 



ilU-b iSJ-Jl 
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. (Karl Emst von Baer) jss». jji 
S2L»rVl t j^ jwUI O j-Jl Jjl _jt ^ laJl SjL-^liJl ^ c-*-j 
^> uy j y.Vl ^a^JJI >( _J» jSll ^gip SL>JJ J jLiil jkks-Al Ij^J 
UJJl ^ i_- 'jJJ Jv3 j ia-J 2JJLJ jjjj jJj . jjjj j ji c—JjjI J jlS" jlS" 
jtj i^UrjJl jjkJ ^-jJy jl ^..ilS^I «JLi j" £j3l .LJa 0 j£j 

. tL-apty j jkJ oLS" JjUu 
J«.nll CjLUsU- jji jJ ^J^p Ij^li jj*j (1) ji ^Jjsj i. tJaJ-l t j*J 

U^i \ -u*J ] J* J>j u^i (Jj l*r^l ^ 

tjJUL jK:..^ _jT jji-w» 4jJJ jlS" i4-a>- ^j— J-j .IJ^r l-iplj 
LlJ> IJjt j ti-s-ty ^ L>«j LJup .ojL-JLi ^L-JJ «»jJj L» jjjJ <u5\j: 
^ eJb-l _j Jl Vj-^»j L$*~J jSo: t^r_L>-jJl L$1S' *Uapty :L-U 
oLLkJl «Jla o~i Jij .jjkdl (juJrl ^ ^ oLLk o»*>lJ 

V cSjjjkJ S ^^jjJj LLL>- JlSJ .2L* jj _Jrl ol LkJl ; Juu LJ> o>"!>LJl 

.1 ijb L»jj ^gi^- JljJ 
2 - g 2JjlJ ^ _JaJ SjL^jj tjjjj j jiJ o"!>LJl jJob oLLk c . W pI 
iotf Jl j 10 jJUJl Ja ^Ja-Jl IJLjj Lj*-<_>- oUlj-i-l *J jLU Ja 
( *-*Sn _j ?oLLkJl 9JU ^ oUljJ-l JS" c$JJ o%--*Jlj 
^-L^r^l ^ tLoP^I ^-JJ Jl Lfr- JJ oOLJl oLLkJl j jkJ J* tcJJ i 

?a&^\ 

JS" jo. ^UrJJl 3L_>-t ^ o-!>LJl jJJL oLL> jj-j j ji jjL» 
^ jJapJS" 01 tj^ju .cjLjJIj t( ji^ljjJl t *JL— V» :«IJj.a-JLW >-T 
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,l....ir\ JaJI j>- J-iil ^jL-JI J.^jll 



ot i ^JLJb jiJJr\ .l_j">LII oLLkJl «1* ^ LiJ JL» 01 j_>- JS" 
cJLi JT . u -li9rVl JS" j \ g ...ai ^-Sl jdl cJSC-i oLLkJl 
3J-«_-Vl <_S j»-t *JLL> cJaP?j tl-fr..-i'' SJL-iJl JSN-io 
ju -3*>L-»-VI j^- J-Jl (j^J .lJ-K»j iL*_«->- oLlj_>JJ 

jjJaJl Js-I y:. jl Lyogr S js*-* *is*-t_T LjJli i4iJL oL'L£_f ^Lsrty 

. 1 g • -• V> 

^lp 4JL* o JaJ ^^iL 0? LJp t^L7 JSs-iu I J-» L«jbi jy_ij J>J 
cJ jiJJ J*-^- t-«_iJJl _up .»_->L-_»-^l JL*j L"L>- ^ J jVl £jLJVl 
iL-»j jJl {£ jJJ 01 j->JJ *Jlj Jl 8--LII j^-»»Jj iL_aj jJl J>-Ij L»L» 
t jL-J^I ^j .5 ^ L^LJ-I J-N-iJ SjLjJI j .^L-JL^L L-y jJl t-LJ j 
oJb-l j Ll>- j^. 0 jSnJ.1 j*_-Jrl ^ i J jVl L___il-I ^l/jM ^J-^ 
o jSsJl o -L» <— » j*j . SJ>- oj_-c- t_u- " jjj» 0 jSCj o ^S" ^LJ^ iol j> ^jjl 
ItjLr L jJL 4__Uj t(Blastocyst) Mj^' L--SJI ^Aj \jj\J~\ y 
.\j-y\J~\ y £fj i^j/ jlJbr £ P j JiLJL -*_>-. . Jj'Ij-JL 
aJ-j ^jt -JL» jt jJ-j V to J» Lj> jjVl 3l-_-SnJI 2JL»- jA Jup 
^jJ (^l -JL» ^j-J Ll-Wj to ^p-j-» jl L»JLL» _jL» ^j-JL» ca.,a.-»r 
^jjj LjjAj' ^oLJl f jJl ^ .OVI (_J>- Uli>J.I i><-_jVl jt uUaP^I 
t«j JL-J^I 5.1.«! ijLoj t ^Vl j^j Jl o J-_j" i^L**~y\ 

JIjj VJVI ^>-j . r JJL juJrlj fi\ ja tf JjLsL-r 

8 J-* ,jJ» Ji^ jt l_-JU_Jl ,jJ» 01 . J J>- JJ» Jl^ 5jJL~>- J*~ LS^" J^^' 

t,jL>-l j jt t^JJ «ut Js- <LIp J» j*d\ jSCc ^ ^i \jj\J~\ y l jSJI 
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. jL_Jl ^Ja- Vj l4-C_-*< jt 

L»OlP .L-t ^ £_jj- 1 -' a ^ L"5U-I a jS" jli tJaJ-l L_JL>- jl 

^Jjjjl ,jLa>«J LJ^P ^t — L__»- jl_C» ^ "L_« jj'_ r l "L~-»Jl ^jj^ 

^ SjdL; 96 <--» jLL L* .« Ja>- j j-nJ Ji ^JLJl jU - ^ ^Jl jL- 
^ Liy jJli ĕLi) p*- J\ SLi ^ J-s---- t,»j- ^Jl £jL>- j>VI 
Lojj^l "L_~_nJJ Jg— Jl JJj^ J^L»_ll j>»»j LL-t .i_jL*>-^I 
j_Cj_ ..LSJl J jJ- J_s_ij L^pIj^I jJJJb tf>- J\ Jl 

_■ ^JaJ _LiL>- «jiLJl Cj^LJ-I ^/a*J Jj .i_.._*Lll oi jJl ^ 4,a_>«--J 
.(♦— J-l jlJ->- j L$jl__»t __i_j %J J (^*^ J^" J>1 L~~>Jl 
^jLJ-I jIJ-U J "L~__Cl1 ^jp Ji tijJJ pH\ oVLJ-l __J_-ij ^ j 
«JL* jl !*">_4_r IjjJaJ jr_Jr1 jjJaij _Lg__>-j jl i^\ ^ 
J_> jt VJ tjkJl i?-!^ JjJ^ js- LL-t UjJ jJ pjj jt ^j^Lc^ty 
._Lj j ^Vl oli j 4_JL_>-1 Jjjj <o"V .W jJa>- {J jj^ I J~* 
.,»_>- _Jl J=«-L> c5.J-.Jl J-oJ-L "UjLL- __ j> 90 _j>jjJL -jLs^I "L-s J 
Oli jJ_»_«_r j jS\J tjjJaJl ^jA "L>- _J»I «Jjt J ,J_>- Ajt ^Jp j 
j jfsJ ti_jLa>-)VI -Uj ^UJl ^ j--»Vl <jIJj L j» . j^Jall *_w?1 j_» 
ij»_>- ^Jl jIJj>>! - j-sJl ^yt tjv>- i j-_oJulj tC-Pjjjl Ji L*jjSfl "L-^Jl 
t^Jrl IJL* : jljJ-l Js- U jiJw4 U _JL J_^j" .1 y-VI <-j±-\ 

^jijjs- -r ,,,^,1 ^Ja__J.I (^s-s jiJl 
. jljJrl (JLp Lk> j,; Ja » jj£sj ^JJl ttjJrl t« ^-Ol «J-* ^ Jaii c5 jkJl 
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Jl_JL| JaJl J_*il ^jL- Jl J-a-ll 



i4jjj__J| 2j_- J.1 aJL* JLp .-Al ^jlaJu jv--5l c__£ ^J. a , - ll 3— ^Jl t^>- 
.tjU-J? y 0 j-*-« Pa,.»; _^j t yUaJl jJaJlS" j-Lj 
i^j, y j ji , - il a.U ; _j jJ-Jl (jJaJl I J-* (^^--i *— 

tJ^Jj L*>-L| ,.,„a.J jt tdl^y^ L_A -f;./lJ ^oT,,,. j .c_/>_Jl 

4>__jVl _- 1 ^ .1 j ...ai _Jp 4>__jVl sl j__1 4,;- « 

tA^—il Jl AjL^jJl JJP (_£ j__« ^L__1 ^lp (_$j_>u L jjl -r . tL^LjJl j 

4_i__. __. L«Lf 4_>- Jj eJu_ Jup jU>- _Jai LuJ 1-1 . Jj JJl JUP <_£ ^>-t j 

jj» ^^jLLl (_j jjS/l j j^-~" -s- 1 jJl J- 5 *"^ ^ 

jj-jij^, .j__ jj| 

^jjJjb J-_— *J . 4-_-s_LgJl ĕL-Jl -r . ..rtj (_J* j_- ^^Li-ljJl J cL «,...-■■>- jl J_>- 

_Jp iw-jTj-l IJL* .(^Ju-J-I _ju jj?_Jl L_>- v _' jj~-~~' ^l y jyjJj/l 
i_J jjl - r . .. rtj .LjL>- 4_Js L*» (__JL~*i j>-\ J-*"!^ i-— ' jJl J-^-* 
.Aj j*> 2L j_» oliLiJlj tĕJuil jjjT^pJj" j jS\J IjuajJ jiSl 

^l _>l >Vl j c_%_>S/l j t JUULI j t y__JL ^rjLi-l ^jJ^I 

,jJ-~~~« j j_Cj Jj .LjLi _JL> ^L-S/I Ja_t>-ll (_J>J J .--jL>JJ ^-jJu 

V L_xJj t_yL__-)yi y L«jj jjj-^j Ju-I j J_u aJp LS" Lf jiSt 
oLSJaJl __« ĕJi_-l j ^ 4.i5;„..« L_LJ_pf ^_<-»- j t ^>-1 J-*-1- L jJl Jl y 

._->L__-^l JUj JLJI LP yj\ CJ ^ ^l tl _U-">_Jl 4_>c--Jl 

iiJaJl :LjjJj^ ^ oJu__*_. oJla i_j*>_Jl oLiUaJl tl «_„ J 01 
__-_J ajj>.|jjl j t(Ectoderm) Vrj-^l _-«--J S>r j-*" 1 

_Ja_vjJl 4w._VL _--_-J _J__«jJlj t(Endoderm) Sjj>-|jjl 2L»_»V* 
a^jLLl p_-Jrl tlj>-t jjaj,. a^>- jLi-l 4>_Vl J-s-iJ .(Mesoderm) 
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.^i\ jl^Lij (jUULi) 
,_~>JJ U^i^Jl ^l fi\ -o-uJl JSLijj t JLU-UJl Jioty Ul 
SiiaJl U .Igiil y ^Jl iJuJbJl iJJJlj < a.-> a li SLiJl jiAJj ^ U 

tjJjUj eAjc«Vl ju j^l J^^J ( -jll (^W - _Jl 

^y^ii) j^-JLl jlS' sjljj . 0*>Ua*Jl _} -k.ll JSL^JI jja** dJJi ^ U 
LjJLkpi J5"jli t jli jl ^JuLjsi jl torl^o ji t j ^JL- iSLo^J 

.oJUi tij'^! y iJ^ULkJl 
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J_Jrl _ul J- J_aji I^jUl 



J_J . SU_U v-L-Vl -»LcVl _jL_iCj <_>r _1 ji _i s S' _ ji _?lj 
J5" Lgj _)jL_J ^Jl i_j-L__Jl : j j__Jl ^ _jL__JI ^j» O^PjJ Ojli 
i^JjS t cj>L__ 01 -j*-^ _r* <_j— -s*— ■ ^Jl tc->L__Jl j t^L^-Sn 
yii - j-hp L$J ^jdl tLgJLS" _j_I j~»-I (jy iS" jLiwi t ^--1 _L»-l-3 »_j jJl 
oJjsj ._^Lj__!Ij tjj-kJlj t_j_»-ljjjlj t^iUUjJlj t_jL____' 
toL_-Jl . j jJaJl « ^ Lj yiJ ^jJaJ 2juL_JI <_jLw—JI 

t.L_»_LJl _ip luijiJl tOL_j__l J jjS^l ^UjJI - L^ ^i 

ipi 

.UJ __-_ ____, J - jjJ_JI _1p <j__jJtj 



brain swellings 



head 



neural (ube 





From the endoderm: 
lungs.glands.inner lining 
of gut 



From the ectoderm: 
skincells.bratncells. 
halr.tooth enamel.nails 



From the mesoderm: 
skeletal muscle, organs, 
red blood cells 
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t. j^iJl ^a^JLi jjiaJl)) o ^Jjsj |JL>- ^JiJjJ£- j ji 4j>- jj jl 
^ Ljjj- jjSJ JJ ^Jl t(((ontogeny recapitulates phylogeny) 

jj^ j jj jjli jjil 

A^. jj 4-^jl..tT< jJLj 4iJL>Jl 

JJuj» c.. w i jl Ju ^jip LaJjo b jip ^tU JLs u j-lJl ^jOs^L jj^aJt 
^j-iJl 9jL~* ^tj jU £-j^> ,j-J>- JS" jt c£-Jl t(Ernst Haeckel) 
t a5s-o— Jl 4jL>- jJ^. j-« -*J jLJ^I ^jCs*? jli tcJ-J Lii jj .Oj jlaJ Jj^L>- 

tji 4JXo ■; jLJ^I jil?r j jli J*?* jLS" •(^•-^^ t<— A^-lj^l 

.aLLT ^Jj>t^ 

LjJJ>J tSj? .,,■.; jJuj Jv3 J*i*J t jisi j J» jLSsil olijAl^-^l j| 

oJujJrl ijjVlj cJ jil 015' tA^jslil aj.1 ol jj~J1 j .diJiS' c— J 

,j*J^>r L» ^j-J^T 4Jj>J SJjLL» ^gii . J« : gl LjJ-« jtSl j\*j j jj i_iu<s J,l 
4..SW:» jiS^I SJ jUll . JUaJ jJL ^LiJl j jLL^j^jT JJcJk jLS' t y^JL; 
.(. jJjJI j jU cjLJTjp ^JLLSnJ jl ajLjJI ^ (j^i. ^ '*--Jj ^ 
^Lar^l 2Jj>tI jl.^1 ( j^4Jj>rl^L. ( j^4jj? : .| j jLL ^ji^ji tdJ-J 

LgJ-J L^A^aJ^ii .^J?lj LgJj 4_jJl (j^jj (L»Lc 4jLLLj> c...» J 4jJjj>J,1 

J*>U- j^-l J^-b jjls' j-JJj cAj ^jji» jL-tj t4~« yt~?- ^l jil 
LjjjJ jL-J^I j jjLw^LS" ĕj^ 4jj>ri jL» tj*j*Vl j .L* jjk; ^j* 4jj>- y, 

.iJ^LJl jj' ^i-l jy j jij jJuLi oLLis 
.cU>J.I ajJLiLl a^jaiJl Jl jJL" LJjT olJ jLiil oJu jl 
^ L?r j^j A^L^I AjLgJl ^ L-l j jjlaj jl aJp jl O^Jji-l i-*y<J uAJj" 



151 



Sjali A^Vlj L*>L>-I J*4j a ji' ^Jl t 4JVI L ? JlLII 
<_j jJL-Sf a>-L»- iJL* lii-ty oJU 4jW>^ ^L-^-Sfl ^ 
LJLp i jjjj jli /»y ^ LS" t_-..,»,->J 4j_>rVl iijLi* VJb .LL? JbJ_>r 

4i>/Vl cJ15"L»wLlp tcJLJl J-AiJl ^ajI-^ «L-iiL L jj~jt4JL>-l oJL* 
(^lll tCjLjL.^Jl £j jjl J_Cj £tJLJj ^->».a."j t4>i_-jSn J^jJJJ ^Jjs-Sj 

.'JJl ^L 015" jJUi JS" . L$L>J j_Cc 

iarVl (^U- Ojl^tsJl 

iJLcJj OjiJ^; tjjjdoJl 0 JiJl AiUajtjl wLlp f L>-Vl ^LJLc 0Lf 

4^-i-S" J j>- 4JL9rVl ^ CjL jLil aJU jjl . ^L-->-Vl J J>" «L^LI 
jj-* £-"4 ^ ^l 'aJ-*- JS" ^ y>r ja cjL jl*il o-L* Jj-j ?LjjLj 

^jj J_* - cjL jl*il oJl* oJl>cIj (^JJl t J-CjJl jjb L>j ?L*>L>-I 

^oLjL/Cll y^>- 
(Hans Spemann) jL^. jJU Jlity (Il*Jl iJb 1 1903 f U ^ tilJb 
Ai> cJLT . jjkJl J*>L>- (L-V_ , l *14 L*>L>-I JbJ i^LT ^ c-^Jl 
Jg Jlj-Jl jlS" JLiJ .j»— JL| t L J y>~ oL. ji*il Jj>-j OlC ;>l>*jI ^ 
L. LjjJJ juJrl L*>L>-I jv<_>- cJLS' bl L-j j* jL ; ... ^Lt j^iCSl 
S oL jkil cJlT bl LJ jl cAiLr ^L^^I *U aL.LS' cjL jJ-~ 

?jjJalil jU>J j^ 3_-jc- tlj>-L; ojj^a^ 



_LU-b 4SL_Jl 
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Jj.L_JIj *>Lg_v LajL>oI J_j ^JI itLll jJ_<Ji_. tj 0 y^. J-»-*^. 
^j^jb ^L» . AjiTj 2j Ql A L yi ^ o tL *>L$_< j>^>— .1 jj 1^.».« 

A^Js jjl j*_ jl . ULij *>L>- Lj_» J-— ^ J 1 jJl <_J.I j*_ j-« aL_>- 

5^5" lajj aJLll SjLLI c.lCj. J_J .2J t^yjj t*_pL SaIaJL SjL 

jJLaJLjj SJa-J. ^Lp jJJJj jLo.^.n ^L» . j J_J L . Jl Jo j— 5" 9jyw» 

L^li-I Aijjl Lp">_.j UUr L_jL» tLLf jjlaJl 2_- 

jjJrl JS_h J_J .oJo- L Ja3-"Vj tjjW"! oJUJbU ^pjJl _ J t*>LL» 
J-*— ' jv—^r ajjJ -b>-lj J5" tl__ J_ jJLLS" jJ_<> L* Ll j^?- ; L«t jj 

oJ_«-lj 2 yitj ^jj» jjJalJ 01 j?S^->\. iApr-jslj Sjs^-lJl cJLS" .LLf i^~J 

__jt tL j-f .SjLLkill ^JI jJl Ji JU-I jj* UL*. j .-_-l j j i j^> j_1 
j ji J-Ss_J _1p a jJLiSl Ljj jJ L*>_L| Joju_ t jSCil Olr^"' ^ jU....n 

.L»_ ylc. Ju Jj>r 

.._ ■ — « 0_L__T_l j» JL>Jj>r jjJ— > 3jI-Xj cJlS' 2jj>_5l oJL* 

Hilde) JJj-L IjlLa otjb tjj.j-*Jl j^JUl j-« oL^j__Jl 
^Js- J-ojJL jL~ _ jy&- LLp oL-ljj SJ_> ^aj t(Mangold 
L$_0 JL» L^ajL^L jJjJl j»iCi»_Jl ^^Ip Ljj jJJ jl .SjJi-MaJl 2_*-Vl 
. jjj-U^j V J-LLj ^JLp Sij i_,1W:T ^JI ti_jj_»_Jl _*a_j ''LaJI j» 
jJ_J_Jt ji_r jLS" i JJ jJuL L$Jp cLp ^l tjjJaJl 4_- j~ J-lp 
.<U_ jjl j^. ĕj^P j» Jb-lj jjP LftjjJ Jujj "V 6 jS" jj^ ĕjLp 
jjjJl ^tj j^ jjt^t 4A>_*jVl j-« <-r^^ Mj - — — '^» J 

j^ jlj^ j^^L^Pjjj __.L»j tOi^U j-« -b-ljt-j^- j» 
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JlJU JaJI Jjnit ; ^aLJl JjiiJI 



C 

J 



Lj) pleee from 

developlng devetoping dwelopmg resulting embryo 

egg 1 egg 2 ^9 2 

CJLS" 'Jt .— ■ iJaJi-L. L^SsJj lijrJL 3jj ^jSo i jJjjtiL. HPjj L. , yJ 

.Uj ^ jkJj JSOj^- -fj>">LJl vAr^ ( ^LiJaJl jJi** LjJ L">LU 
ja Ji^jjjil ii>rVl >^-~>*j. tUb» o ybL. jJ jitiU cJLS' JL«J 

Jj Apjjjil ojUl CoL* JLdJ . OjL» oL^-LLj LgJ oAa* l jaJI 4juL-* 
4 J^ J ' *-{jf}& Jr^ cSj^i 'L.L? OjJu>r (»— *r Jij^J 

•0-'j 

tSLs^-jty /^* o jyw AjUj oJjjoL» Ci^l JUJ *?4JS' IJU <J_J5l L» 
kk* jj jSCiI tLt>LLl iJL SiU JLc- i jjU cJLS' 

OJut ^Js- yi- ^Jl tgt^Jl IJbf oLjJl UJ-Jl 4jOJI jl . Jj.LT 

JU*4 01 .(Organizer) -Jkil ^L <_> cJLS" tL^iS' oL. jJUil 
j_j Uiil L.JUP _£ «L-L. CoL>*j jJ J-iL Ijjjb wJ»jj JLsJ .UJ -J 

<§) u - ^ ■ v 

y jLij .Ui^j>i j^ ^ Jr» L^. ^ ^jijJl ^Ip J-LJl jyJl 
2 ul* oj3LLl cJlSj . 1935 fLp ^ i_JWJl ^ JjjJ o JL>j jL-_vv 

. (( j jkJl ^ o jJL j ^knU 4iLi_S'l )) 
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jtS^I JL>- jJl J^jJI jJ jiJL. J^p t Ul*Jl ^ Jj.JjJI Jju t^jJl 

.2L^rSfl |«ip £JjL> <L*Jfct 

Lf>jL*f V c5 yf -J j*jL. oJLS' c£jJl jiJ <u~jjj cus jJl 
cjLJsj ^ » t— LJLll (W. Vogt) C-P ji . j 015" t ol o. : . : ..." jjis^ 
. j (iJJjjj tL$i* £-«j. jl L">Li-l ^jLc- oL.*>Lp jJ iLjajl aJTj 

cJf- ji OLS" Jj»J .<Uaj jJl j jJaJ J"!>L>- cIj Jj>o L. JjfcLij jl i— j j>c-<JJ 
.aJsj jJl ^ j ,'r?e- JS" t j-ij oLjO ^juj ij^jsJJ sjaj ^j>- ^LJl ^jLp IjjLi 
. JjSl uvJrl L%>- oLpr j ^ (^JJ JaJa4-l cJ»VT(jJ y LJl 
tjJjijL.j tjJuLj t jw O ji jLi*l t Jil jS/l *U1p ^UT Jjl, j 
JaJa^- O j5\j of ^jjCjT t jyJL5' Ll<>^~>- Jjsrl «^o-sr Ol L-» Lnu t pl o-yj 
^S" jjl ij-jj tCjLSJaJl ^gj^jAj ^sj jiiJl ^ L">Li-l ^yt 9J jALa ^jL LgJ 
. pl «■...■„■< j jJ jjuL. I g:a:,»<l ^JI tj«JaJ.I AaW;.. t_ tLu— Jr f L*Jl 
tcuLjJiJl ol Jj4 j— t^JaiJl j t^tjjviJI j t«L»l jJrL Q<J> lil 
Js~ tiJLSCc. .oLaJaJj» L^jjJ Lipt^oJr iJL«— 'S/lj toLJL.jJlj t jjJaJlj 
t2j>rL>-j y t \i ; 1 1 2jilaL« Jj>- . j>-I oLSs^ ^j^t ^ bi* Jj-J Ol LL>-I 

. jJ. l JL ^ ^l jj ^jLp Ja£- t-i j— 3 jJj^jL» (ju^r ^ Lgj^ jjj. 
jyo c^JJl iaJU-IJu jj^rjll t^iJl L. j ?LL>- ^la-Al jj* L. ^SOj 
Ja+U IJjoJ^Ijj .LJs^jjJI J*J-\ ^l^r^ jl ^iS LMi-l 
CjLI jJ-I aJL L^j iJ jl^J ^Jl t<LJL>-ljJl <Livs jJl Jj4 t-3 j— (J>jj-Jl 

.aJ-I 
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JL-Jt-I J-JI ji- Jjiit ^jLJl J.^all 



i.j>-\ ^j^r <_jLiC. ^lij <. jjJa-' «L>-Vl j«-i Oji j JLiJ 
01*-- j jJjJJL. C~*15 L__u .J»L*_JVl ^ LWLct Jas-^j 

j__P ^ .j, ...->-. L$2>__jt tL> 4 s _Jj' ^Jj-J $3_>-VL: L__>- i^P*>ULj 

<» jiJ JlJ" . (^*^ - ' ^l j-* 1 J j-* - ^ jJ*j J' Ll_x_i j jjJl ^y-LoJ-l 
jl jJj oJlSip-I lil ?L*L—>4j L_>__jt jjJ_— ; |«_k>_JLi L JLl-»- 
LJ ^JJU ^Jl ti_jLJJl J-__£ JS\ iol jilaJL; j^i tjt-p jj> <— -»LiJU\ 
^ Ja_t_j" ^JI t ( ~_JJ «. _J J_Ja>J ^Jl V-J j^ -^LJr I J y>- «L.U 2_ _t 
_iL__ri j "»|J_»__-I j-* 

jjSJkJl Ula Ji- LJL>JI JlaJ . j^iJl <u>-5 
_JlJ' c£ y — ■ * J-" ' JVIj .ijy»AiJlj ^jjjJl £J.L->t ^J JS\ toLu-Ll 

.SJjiU' L_J__— «J ^Li (j JJ J j->- Li j«J*j 

L-j t^Lij «LJjj ta j-*-j-"J ^L-JJL- LgjjJL» .3jJ__o- 5Jaj j>- _jL_UJ jl 
*___U ja JJlj Jl U jjPj L$_--_-Jj tLjJLJI y> jl ._JJ_ Jl 
^ JJI t _yLJJl _^*_i . J___ V </Jl o _ UU ^ VI .£_>--Jl ^ 
4>__>-l -jjJ j^^I I fr_-«J j .Lj^j jj ^ j__J Lil JaJ _J-Lc .« jiU AjJJ 
^ ol jiJaJl _JJj (ju ^ oJLa jl .aJLJsI -jJ__o- ^Jai j t-_ipL_v- 

j_ ___>- «L-J Jl 4jLjJl LJIyL» J-O jO«J Uy< L) j>>J ^jl t__,LJJl 

L_ .*__ JJ ^ 2L>-j-Jl AjL^JI 
g Jij .^Lp ^Js- Jjjj Ll iL_Jl c-jLJJI i-xlj_ ^JLc- ^ Jl c^b JiJ 
.(y-L-- ^L__-l (Jp JJLi-l ^ jJ LjjjJ (^Jl t<u-. o_L_Jl cJU 



^2 



wiJLU-b aSL_Ji 
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jt J>- £ - Iki- ^ tUapl LjjjJ oLLJJl aJL* 

tl j>-t L*jjj«j 015" jl c^biJL^^I y ^ J*-£ '(^' J* L)j_Cj 

oLiJ tAjLgJl j .Lg->-__r aJsj ^i- j tia>- L-i JLa jl J-l y 
» jLp- oLlJ-I jt ^jj jjjl ^ya^i-l j L lW- Sil jJJl oJL* 
Lu^c.coU j_- j^jjSJl J>-L j j^r jJ»l lSjjJ' l/*^-' (j-* -^ji^ ^ 
^ynu t£il jJl ^j . -LJl jyL-Jl *J j j_Jl ^ j_- j-j ^SJl 4aW;. Juwb^- 
|»-$jjJ o-l ^-it £_«-?r jj^j J- 4 ^ J*T J*^*^ j-iJl 4_i.j4 f j^ 
t4_i,jJrl oL*>LJl 3pj_u APj-oJr ^lJl>«i_*L _J .^'l jjJl lJai-1 
.JyLail jS> iikJ jt £. ol ^.Lail J yty i_$jJ oLJrl jjLij 
J jj— II f y j-«j y tjJrl Lc.jj tSikill JyJl>*_> IjL* L! 

S>k!l 

_» j^-l {j* J*j>-Ij ^jip I g Jaju <__JL>- 03 jsr y* ^LJj-l eJUb .ol jjilaJl 
cljsJ jy ^Jl coLJrl .i>LJJl ^ l$jjJI ^/a^J-' J-* ^ jk!l 
jA j tSjLJJJ ia_- jJl sSy>r\ ^jP *J jj~Jl dJJj <_jL>r ĕ-j^r j> ^Jl 
.*x^rVl J-^i l5-J' cAjLJJI __~ tjJrl 
-_Ni»0 ^Jl ti_Jju j-* ^o* £-r<»J '<-SjjJ' Cf ^J 9 ^' 

:oLJrl pJaH 3ij JJ JaJL. <__J J JL* .AjLJJI ^yiJ-l ^jJrL 
^L^I^j^J-l j(Jj\ jj.^jjJl^Ja-J-lJk^- JjIs^-lpLjjJj^i 
J jj_Jl jjJl ,_Ja<J-I j Juwi^ jj» jVI (^-^J 1 01 .^lJ-UJ 
J-ij (Mike Liveine) uyJ dLL JS" Ja>-V .5 >kll ^ LL^ 
(WalterGehring^s)^^^ jJlj ^^(Bill McGinnis) jVi>^L 
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-E3-ED-E) O 



h™h=* ■ ■ fiS BI) M C3-MH3-C3 

n™»*» 63-B-O [Z1-ED-£E1— E2J— EJ-E3- 



iiii 




^JkJ ^jU- lak^Jl^Sj* ^jLjt Jh~~ ' .DLjytj <~>LMl ^j~J~j* c^Ljt- 
^^S* £ ^j-^j* -^L\>- iJLj^jt £j*-l _j i<* *-~>Ij.JJJ •Jt^ j! ^O^' v>* f — 
. iJjLJ-I ad*^ i^jie- £j.J Ajjli JL-jyt L I ,JjZjJI ^ jyL*> £j j£.j££ Jj>-I j 

'I ^jbJLl j jSJ 

.l^^lJ^ji^J^^tt^bJrlj^L^, 



lijj jJl ^J^J-I J* *** y Oyr J^ i"LLr' JiJoj i OLjyi j 



iiLU-b iSL-Jl 
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Tom) OLijS" ^jJ ^ (Matt Scott) Oj5L- oL.j tl j-^u j** j 
^ Ij^ai lUL iJL* JS" Jk-.j 01 tLLJul j (Kauffman 
J,.JL.-jJl I JL» . U j*a>*i ^Jl ^-L^ty JS" j SijUai» (j>j j-Jl ,_/a^l 
^jjl 2jLiIl oLj^lj .(Homeobox) (JjJ-JwaJL J jjiwaJl 

.(Hox genes) ^-5" j* oL> ^^*-^ (^^JjJ-l JjAimaJI 
aj y>-\ ^Ll^-I j ^jJrl IJL* J^Ju-J j& (*-gJi»j «LJLJl iJy L-Up 
oL> 0) iS^jLi?- at>-LL« cJLSCjj l-l>- LgjL,.t.i« LJi 'j^^-tj 
oLJj-l ^s— J ,^L^>-I L$j-J ^Jl tcjljljj-l JS" ^ j$k~ 
^LJJLS' "JJLi oLLS" ^ Lo>-V M^-' (i! 5-«-L*il ^-^' 
3jJL-Jrl "Jaj L,.«" dJjli t^-Sjj* oL>j C-Ji^P lil .01 jijJlj 
^ la ■ ij)?r Jl jSta" "uLo ^j j>t"j. c— «j liLi . 4j j~Jl ^j^SCc jSCjL; 
ji j| t jjlai jjj AjLJJI |»_- 07 J_u-jVl tjJrl Oli t J_u- jty p .--ll 
^Li^l ->-L-£ (^Jl oLJrl JJLL <jLj>-j jli oLu, cj-up litj .js*"j 

.6 j^is ^ £lj>-l jj^- *— * j—- 8 t"yjJ-_aJl 
"__b>_ll ^L>_>-Vl LaL^-t ^jj (J _vS' j» oL> ^j— "jj LS" 
c ^LapSH jJ.jJaj" ^ J>-Jj" ^J-j . ^JaJl Ji-lj i j-U-Jlj t^-l jJl jJsLd 

LjJ oljjJcJl 01 .A~Vlj tUOdl ,lj^Vl j tuil >Vl j t 5a jjill 

Js! . L_-L_>-l ( £ J> "JLjJaj oljjJ-Jl ,_/-*-! -_J-*_"-«' 

L- obr j-t iilist ->l_u4 L$j_J 0L9 jU-ll 2jlL>J.I £j jjty 0) 
2 OljiiJl Ll t-JLj LjjjJ (j j>-V> olj^iJ-lj k_->LjJli .^-S^j* 
4a.,..-J| (j-J^j* oL> 01 .0 jj">Ljj Sjc-J Lv-Ui c$ j 5 *-^! oLJjJlj 
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JL.JLI Jajl ji- Jjail i^jLJI J~aiJl 



jli Jij .«_jLi JUl J ojyr jil wJUj j> jt-J t jl yiil J JyjteJl j 
03 cAjJjJl ^j-Sy* oL?r ^ JJUJI jt o ^SCi Jl AjlicJl 11* 

1%-PjJl jLej .AjLiJJI J oLu^JJ ywst o1~Ci i_ipLiaJ LiJ 

^L*Vl (j> Ak-~; j jSC' jliJl oL> jl VI c jJjJI J olijAi>-VI ol* 

.AjLiJJI CjLlj>t J j j>- jil (jV-Jl A_JJ t_-JjJLi i_jLUJJ 
A^jLi^» oIjIjli»! Jj>«J cLhJjLp o J j^l Jj o.o jl LiSCc ^Jjb 
?Ll.L^I J a~-U Jjart lil Jp aLLJI ^jjJI __J_JJ ^ 
Ja— jl CjLiI j->- ^jyj '^*~ri ^J ^3 tl jyj (^* aL*JLLI AiL>-_yi 



,1 jJI ^ ^ 



J *^ j>Jl j**^-! 



.o jiS^I j»Vl j* (J-ill JLS" c JjjJ ojJL>o ilUy^ jli IaJcs- 

yJ- jt _jS0:_ J\\ caJ_,UJI aJUJ<JI SjLLI J *LJ*Jl c^j 
c jll Ai>JjijJl (^j j tJj^Jl ^UJt c LJjL. jSJj .SUjT jlJLI 

j yiJl jji oL /»_ju .. J I JjL»oj .(Jj> »« . J^T j jjij oLf-jvC j»jL*JJ JLs 

J jj-iJl 5 jL^ ^ jtSl Ait Jp ^JiJl Jl >j jLT tjj^jJl 
iJu t ljj ^r-J" 1 J! .*^Vl ,Jp ^jjLT J aJjTj aj.LSC>c5' lilj i^^i 
AjTii Jui Jj- £^az~j j» Jbrjj V Ajt j* co j^JJl ^Lp ^ jLTJJ^I 

.aLjs- 

Ji (jjj^ioJl J jJJl (jj> oLlJLjJI J cjLu^- (JsLijiO Jl 



d 
+j 

j2 ljj» t 
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015" L.JUP id j2i\ dJJ- oLlju-JI cjLIJj ^ii JS" o js- 
(ji 015" iji jj_xJl (^aJ JL«ubt jjp Jljj "V J-Jl c j^-L. 

u*J^ u*Jr* jj^r^ Sj^L»- ^ (Eddie De Robertis) j-J jojj 
oLJL* ^lJLs^i—L» t^-LL-Jl j ^jS y> oL* jP (UCLA) 
Jj j tJL_Jl £u»l j c_>Jl O-T JLoJ .,j>..M-»r -JL. j tijyU V* J- 4 
li 015" oLJ-l oJLa JbJ .oLJrl ja ^l y\ J>\Ji£\ jf- jaJ\ 
^l t<u>-Vl 4~«-L *ijil ^ Lk.y. 015" Jjjj .JsL-Jl j> ^ U- Jai 

* ■ . * 

. L.L? Lfr L 5j j jJaJl 2l>- J.I Jt IJa..ti jl5" Jij t JaJl ^Jp Cj j_>-I 

• ijJrt i_JJ- -^J L.JUP ^r-JjjJ.Jj tJ>' i jj*-*' -J-J** (J^"^' -^l ^-^s. 
-015" Ijj. _*>- Jbr jj 015" t JaJ.1 ^ _]La j t JaJl ^ lL^j JLS' JjoJ 
jIp IJ_Ca j .2L»rVl 4_»Lijj. J-*--* <bt jl tj^U- J-s-io *b jtJX>C» 

.ajL'jjJ-Jl Jl JiJl 

. jliC. JS" j CjI jj-»Jl ^ jj^JaJL JaJ.1 oLu>- Cjtjy Jui) 
j>-\ cj-«j (Ritchard Harland) JJ^jU - jL__j j jlS" L_-;j 
(jorjj ^ji .(Noggin) (jy»rjj t>L_J j?~\ _->• J-«rj tc_jjL>Jl ^ 
jj> L__u JJV jU JL>-I Ljup .L.L" JaJl jJrl aJL-L 01 L. J*ju 
<b ^ji Lc. L.L? ^Lt tL. <j\_>- ^ u-.^Ldl jliCil ^ 4_i>- j tjJrl IJL» 
.ju^tj I ■ ~ Jaj tJu*w»r cjSjJ*" iJiJ^ JjJ* • J— Jl 
^ia^J-l j^. "-JLiiJ-l frlj>-Vl L-A j\>-jjj _ r --J > n-)Jj c£i ui^ J* 

jji JjjJl jl ."Vj (^*j ^.L*-^! ?J-Jl UfL, j j^J. (^JUl tc5 jjJl 
Ji* 01 .JL-J-I JaJ_i£ JaJ i JpLLJ tjJ^I jjJL*> LjJ Lc. toLJ-l 
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J_JJ JaJI j>- jL_t i^jLJl J__l 



3__£- »J— ! <» jij Ot (j^i. — jU^rl 0S[ $ĕJJL_> eJ_ 
y\i t J_JL| j jjl j jJaJ ^ I jjO <-_-Uj — *>_i — Jor j_ . jjJ_Jl J*>L>- 
jU tjJJi ^jP *>U_ .Uajt tUapty j-«^r ^ jj* <i 

UljJ ^JI dLL^ cJlSjJLI U>UU _jL _J^ cUj^j V -jLJtI 

<(J -IjJl jj^J 

• ^ € *- "-"^* JJ^"^ J— _/* J"^*- Ci» oL?r £.* oLi-l J-P-Lii 
ĕJus- JpL_J LiU-t .9jjL>tj jt ^?-l ^jor JsUJ _jLJ-I J*-t Ja~J Ji 
—jlj-ty Oli iJ_-l jj— J- .4]?,,:" jt L» jjor W,,:.:t; ^ jiil $L_> oL> 
talj ,L_> 01 ^ -JLA-l ^ 0L9L-I _iVI _L_J 2_4 jJj _ — __J 4i>jJ-l 
j^. - a» , j AijjJ-l ajj-^U-I Jjl J_l AijJ-l _jU_5I eJjb Lw>r 
_jLJr-l «U AjjLS' ^-g-— 2jjU oljJi UjJ 0 j_C-_i toULl _j_ Oij 

.«U_rVlj <*--Vlj tlj^Uil 
t jJaJl (_^— J oUi-l _jIp j_sf ,ju ĕJ-L_.l 0*>ApL_JI e-L~> j«_gi 01 
.^'Ij J__' OiT jj J_y .fL__rVl ^ ^JI »U*iJl oUVI 
jj_-U _1p LgJlSU» ijuJL-l ^ 2j__ 2jt _J_y a J_- jj Jor j-i 
_> _-*-t dU ĕJP £_> ^fUr J_-_ J. J-«-" J . 'Jj. i.-Jl~cg j— 
u_»r j*j .(BMP-4) 4-^. ft t_: >Vl ^UJLl ._UJi. fW-J 
^J-Jl ^JU-I jt __Jl JS__ _ij_ ^JI t l___-l J ____ i_- 

015" _/- t__-r _V Oyrj OyM l-L* UV. f-* J^— J * -Oi-*^ _r* 
. ^iiJ» jj /»U_II ^yt \— ^> /»t ^jor tj^— i V ' ^ 1 -^- Oi^ - jj 0V^" 
t J_. J-l 2_i ^i L*>Ls_' j jJ_J 01 Li*>U-l jj^rj V (jor jj 0t 3j^_I j 
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.^li L;M>- l^i.- j^Jl CO jL£$l ^..tT; *»jjL dJJj Us jP 4^S\Jj 

oLL-nJl tljj ,jA>J L L jij ^ coJL* I?.,?:ll j Jayl^l!l C->*>Lpljij jl 

. ljj.» : o.->r SjjjJaJl 

aJU-ioJi j^Jijjiii. 

<_U 5: _ » .iJL—tyj ^jLijaJl jL^-L LijL^>-f jjUj jf lil LuSCc 
c^jJL-jj cL> jJii Ij jv«js- Lil..oj>- L-lJ jl ■^jv j ' Oj-gj.L.t.1* l^*J dr*^ 
^jJbji ^j^j. L— JJl Lijli jJ I iL ^jSsJ j .dJJi J>i Lj cL-ljj c_^pI ji j 

LjjjUIj j>Jl Jj.jLSS' cLLc 

oLM jl cLg-jT j>- oL>M OjUjmj (_$JL-l>- jj>"- Ljj-lJ oLil j>_J-l » k"»-* 

jl : L_T j^S/L» jSCju) . Liuo I >< g .,?>»■) 2-— J Lprj^j Lj-«j j j^- j 
J LgJli iol j_J~l j *jL--Vl ^ j cdU j^ 2^1*11 a^i-l JLc dLJ 

.5jIp^lVi ol«Vl 
?2clJ| ( ^S' jji ^L>o l^J oLil y&- J L; iM.fl.il l$ j d\ <-J4 j ' 
c jLr J.I j j>Jl Jj-LSS' oL'LT *pi jl ^> LjJ ^SC (I jl ISL j 
p-iS' J-ojJ ^l A>»iiJlj .^jiL^jjJ^^J jSO L^jjJ j^JljJLLij 
•w-j jJl dJL! j> j jSnj Ji U;.;j . o!>LajiJl ^l ./""J^ 2_>*xiS' J-oj_ L-uf 
tLJL-J jlj-lJl 4jl VI c4jjL»I j j^JI Jj-L-iJ V-^L; lJL?r 

^(jr* 1 ^ J^*^' a-L* 3j jLL» j jJ jL>o L-UP tL>-S[l 
Mark) Jj-LjjL *3 jL j^lj jj.j c^ Jl _y> _>*j _/>Ip J-iJ 
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.L..-LI J_l j>- J— iil ^jLJI J./iall 



aJL* ^i c(John Finnerty) ^ijwi jj^j (Martindale 
j^Jl jJLLi _JLS' J— J . oLil jJ-l ap j*_>il aJL* jjJ_> I j_"j.Sj 
J_C L$j_Jj c^Jl Jj_.>L_ ^ yV> LfrjV *oLjL_JJ IJL^ Ij.i 4 
c aJ| <_pLp| j_p }_C_ _^Jl jJLL-J jt L_T .iJbr ^lJL» (_<:J_-j>. 
LgJ j^Jl jJLLi jl . L o jLLi ^ a Juli V JiC_jf j JuJ I ^.U.>j -L_>- 
. LgjjLjJ jup <_j__>Jkl ap j_^r j a jjjT ' ^r^— _>L< Jjn-S> 

.JjLe jJ LgJLi t^U- JSL_< 2jIjW UjjUj^j i_-> j&\ j£_Jl IJL* jl 

.^li j A_i j c5— aJL->- j L»JuLi 
fr Ls-Vl pLJLc _Japt j_J .01 jj-l SjlpI» Jl ^l U_>- ^jl 
V a :._.»" j£J j .j*_)l ^jp jljJI —<j j__JI jj>J.I :L_-1 __U ULjJ 

Ji>L jl i_-s?j o jjJ— ' jli cLLL>- OLS' jJ .j^»! J— >- ^ jtSl aJLo^ 

• 1 1 <>■....■•>- iL«jl JL>-I jjl— > 
_jL?r jjr* SJlJJl £-~Jl jt 9j*>L* j j JjJuJjL _L__fl J_J 
Si jj>r y c^>-j_Jl (_£ j_Jl jj»_l i^- ^\ cL-J Jl UJL_>- J_— £ 
aJ__J oLJr-l oJla jt c_JJi ja j^»Vl j ./Jl J 1 -- 1 j j 

jt ^Jy «Jj^. ^J •(♦-^ , ~ ^ - J^ 9 LS^ 

L^r caJIjJI oli jJU_Ll »JLgJ j^_Jl _,p JljJI— t$ j~Jl j_p->' 

.^>rj_J|— (_$j__Jl Li jjfJ 
^^Jl jJLLi _JjJ Ja .y-TLJ ^JLj t jjLJl Jb-t ^ L$_l 
^ (^t ^JI jJLL-J jt j_^j. V V j^J^-^^M 1 
jJLLi ^ |t-$i9*J. ^ 5i j^t » jJ— »- oj*>L jj Jj JjJjL U_>- _ij . 1-1^5' 
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//// 



/ 



omtnl region 




jf JLaJ j^l-^JbJl Lijyt ijJ- ^jl oLJU £tft y*Jl 

I jk.$*S\ JjJ . jjuTbJ Oj jvj3 ^Uapi IJlAj t«LgjL£_> «JL_- LuLl->- 

VJ 4 >>*-Jl JjLSJ. ^ jj»J*I J jjJ» 2Ja-iJ ^UJt-l oJlA jjvf ^ 

.Lw jljJ-l ^U-e-t J_i t_sL iL* 13 ^jlC i. jj>>J.I ,_JJj 
£ jb^l y.Lfe jj^ V Jl» t^^i^l jjshj,! IJL* o^Jo^ jijSCc U jl 
^BU jji-- 4 tL»L* ^Uj -b»wu- ttJuAJL jl j>j»- ^Wii UJ Ijl . jl j>J-l 
jwL>- iJ^j ^^j^Jl jjp-ll JJ "-L* J-^O .j»-! 
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JL_JJ JaJl Jjaii i^jLJI J-A»Jl 



j^i^iil jj>«ll Ijla 01 .(jyaJl _j jl—Jl :ULp L>j» j i^LSCJl ^ ,jjj_j; 
^jvaJ.I 0 jiJl oL_jjj^j«JI ^ ^jj^I tUip <__;jJ Lij^. 015" 
JjJLlJjL» j_p JJiJ . «LJLJI oLLSJl ^ J jjai jli* ^JL 4jjxJj 

.JJiL^iyj^ji^ij 

I g'l«l 4JK*S' 4jL*tf jS" .4jLLi£ L^-lSJ i4^jL£jLji CjLI jJ-I ^ 0 -^ 01 

JlU - J^ JS" ^ a5CkS3| JLp cA; ^ - J^- Jju M/r- jL*rVl 
jJJ V Ji jj sA*J tL^Ljjuj tLj>L~^rl ^l-j ^Jl c5jL^ jJl cj-jj jj ^ 
JS\ 4j^*J Lllli ^Jl t4jL^ jJl (j^-Jj t j>«Jl Jj^LiSj ^JjLii Ji» 

. Ljlli ^Jl liJJLT I JJLu 
oLil j_J-l ^L«^-V aS" jLiil ^uJr-l 4jL^ jJI ^Js- i£ ji JJ:> j^Jaj 

J J-J L»JjLP CjJj»xj liL* .^Lsr^l U_J oLj^r Ji-^-p. ^ jvi L»J_LP 

LjjJ .i jj>- j>i.LS" JjLv- (_£J— kUa. 4_jJ j| j^ ^ tj»--Jrl tL-J L*?r 
^ 4W_,t:i ci> jJl 'Ui>r y UiT J->-LJ V j>«Jl (jplj*-* 1 (_/• J->-lj 
lil .4. jjjjs k_~_5'ljJ jjJaSLwJ _j^L.i ^ jLJ^Ij tOI jiillj i^JjLaJaJl 
^JjLjaJl 0L» (^JjsJs 4ja_jj ^ ij)^Tj> uiT (_/• oLojS' LjL>- 
^J . LL_i»-l 4_jLjsl ^lj (_JL>- t4_iLisl 4j j-g-ls iw-jS"! jJ 4j joL. i_J> 

C (_> < 

*9 J_»-l Jjlp tLjajl (j_^r jj uiT <L»V__J .* J t ^j-Jl (jjLLi 4Jj>-I 

J ^^jJ^L -U- iSjLAjliaj^l JlOVIj .j^^jJI jj^I^.LjJ 
L_ t^-A-Tl J 4jjJ ^JjjJs :4^iJl .^JjLJs (j_Jar ^ 4jJi3-lj t _/>«-Jl ^jJLLi 
jor jj jy»«J ^JjLjaJl LJb- UjjjS' L_ ^JjJ LjJli 4^;, ,:;!) t4JL>l 4_ jjjJi' 

.^JjLJs ^jji ij^L» 
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a j^ii 4JLS' jJU U ^JLii t^-^-jJl j Lp_pr oYI LU tdlta p-^Jj 

3wL?-j cjL>j — jL~?4 L^jji (j*sJ tL-ilj 



c_~' |< k«« jli iCj!jL>_--J! ^>-l J-J-l ^ 0 jSl V 

' (3-^-! Litj tULp oUjJ i_JUaS' ^^^^* L-jLf j 4-__it 

.^Ui*Ji jj^cJ L. ^4 ijjLT ji i >_ 

f J*^J i^J— w» jf jJl.«JLxj. ( j^» jj^". <jj JLSl ■ ' jJJl -*-=*-! '~ >j— J 

^OaJlj ctlij j Jl j-»Jl JLi i_ijjLJJa*Jl J jj£ oU ; i,di £j ,,it ; 

<_i JaJl ^IjiJC.JiljLi 4^_-jVl LL J*»rt LaJup ^£-*\ .*! j^>->- Jl 
c L*Lc LsLLi juJrl OLT ;2LL_?r cjI ju_i oJL* cJLS' J_J .^jwJJLi 
oLi jjji Jl ^JaJb 4-jJ j^l --^ .cjIjwJI jl jjL ^jjL-J <»L_jiJI j 

Ul j-?- JjsLil c--T t j^pJ.1 Jup sJj jlaJl cjIpLJI oJla J^U- 
^ LJ J jSfl JL»-Sfl ^LT ^ 2-JiCJl _i j>-'\ j L» J5v 
Js-I ^ll ^ jj .2ujL~i« oliL-j:.LJji-b Lj*>U-! cJLS' j co jou^» v 
JLJlidl JL^ty j ^>JI ^PjJl J^b L!>ULl cJLT t 2JUl 

JS" ^.t Jij .j5Lt_J />Qa*J! cJLTj t 5Ul_* ^LSLii jU-tj i 
Jl Jj^. J jSf» >l >l J^ L^jjj ^Jl cCjL^I oJu 0^1 j 

.iJaP 



_JLl»-b *SL-Jl 
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c-Lj ^jJL jl jJ~ 4-i'jj J-P -L* _j"L c- J\l y«-i«J V jf v_-Ji*aJl ^ 
<t\ju> J,/»"" >-J> ^JaJl tL> j^Ij ti_JjJaJl ^j» C-. -j~ LL? . <— 

^a^-A ull LJ J jLiU . jjjT ui^-l ^ ^j JL. j)£J 

jl .*>U(»L->-Vl j < ^Vl Ll ti_J jJaJl ^Jaj jl t-J-j jj! LLi JSyy 

tLjJ (/jLaII iala>_ll ^-ii ^ C— J J»\ Jf^\ ^ ^Jl CjL jJLil 
LjLSJj aJ-«-j JjM* ^r"-^ j^ Ji 5 "-' •^ J *" J^" *^JT J-* j^* J* 
^yj ^Jl 3 iJxJl aJL» :i_j jJaJl ^ aj j^- jil CjL ji*il ^^o-sr ^ 

.CjLI jJ~I (*L_>rl Ljj 
t2iLiJ-l ^ j lAJiJ-l Jj^-Ij J j^»t j* LjLorl Ajwal L* IjjiS" jl 
jP Lil_v*- jJLj L«— >■ jl .Uajl LjJji-L j j>- j^ ^jjjj^ LL«.>tj L jU 
UlJb-l L*>Li-l Ljj J-__j" ^l i4jL JaJl u..,,-! $ jxJl JjJ_i Jw^- 
.LprLjL <» jjL" ^Jl 4il_>_ll jl jil j lfL«l jJ SjL^Jsj j»-Sfl 
viL*L t J_~ j^JJ JaJaji ^jIp J j__J-I j> ^_>- j^-Cj jl JJ 
J— cLJ SJL Ja _lL* j jjCj" jl t_-s*J t^ljJJl J t^LjJl J t^-t Jl 

4Jji L tlj?ri j t JL__>r 4>_-ji ^Lj^ _JJj ^jc IjLU . JjVl (*Liil ^ 
IJuJbr Lc- jj ^ti^j tLv» £_j>__J i jjLo t-jLS" (JjcJ jl L*>L»-I ^Js- V 

.jli^l^LL? 

:£>LJl ik-Vl JjLuJ . JL-JLl 2L*L. V jt ^ tdJJi ^ ^ 
iJljTj tjL-^r^l cjL_J ^ ^IjLj (.^JlSj :<Jjj>- L.LjJl 
?LU .L-»rl _JL* (I 4 4ir cJJ- ^ ^l j toLiJ 
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.b^U-l ^ APj*Jr <j»t ^Jp -UJt-l J i_i jd ^ir jt j^C. V 

l-L?r jA -LJrl L"!>L>- ^ AP jaJt jl tLjjoJl ^ AP jA>t_< l i 

<j»jjjjJl .b y 1 j, ft .>. ; jt j^j: ^jJI tL^U-l ^ Ai jjLa. ^jp 

. (j yiJl Jlj.il U-U-L-J jt Aj ^ixi Aj^p^lJ (j^-ori* tfci«Ll3 jjJ! 
?bji^Jl ^ APj*3f y Lji^Jl Jsju oJU-t jJ <J^<Jj>*j bL. 
O JL>-t jJ O J->*J bL»j . Ljv^Jl ^ ^jwsI AP jaJ>«jC. 

jt ^So; ?^L. Jl jt ^JJJl JlJ <a£Lw jt jL-Jl b^U-l Jom 
.L*Jl>-L*»< ^jJI L*>L>JJ LSij Lj^** a^-*-» jt jL-Jb ^^1 dh. 
; j>L-j>r">LJ Sj JbJ.1 oLw-Jl e£-L>-l Aj ^SJJl Aj ^^Jl o JL* (JuiisJ dJJJJ 

^jL-i v s^ipj .Jr^i^ii^LuU^j^ii ^Sn j~; 

JL* jl J .SL>JJ jik. j£-io AJjjjsi» tlj^-ty Ja*j tJL-J-l tljsJ 
iJuLbj oJuilj ^..\l\\ j ^L.Jli oL^ty j—i» -LpJJ L«.>... 5" 
^ Lc. tiw-jTj^l oL ji-wi ^J-jt Jl Jcs, IJL* k^jJI Jj jl .4j jLL. 

.JlJLI ^Jl t oLJjjJl j coLJrlj tL^I dJi 
f I jj>rVl ^ oijJ>r j> o ... 1 Ajjj* aJ L. (jA^wi jt oiji JL-^r jl 

J^. -LaW L^j>- jl .L*>U-I j tA^tyj uUp^LT <aJ aJ j5J.I 
oJi jj-j .^tL^Jj iisjjij i J^sl ji* J^-ij |« .-S;." — jLtil J*-* 
jt jji j^p Jl ^jip iol jj-x Ji ai^" (^JJI iajlp ^jA^m-iJl jJjii 
ol ji- JJ jJj. J cJlS" ^Jl Ij^Ui-l jl : JoUbat j^l J-^W b^U- 



_U>-b iSL-Jl 
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JS\J 01?- j .oJLdbr ^p-L L^JlJLji-*.! /r j tci:>l j cJL Ji 
oljiJJl ^s- Jl ^jip j* L*5" ^JLj j^—T . L jiJ L<L^>-I ^ aJU- 
^jip ^li i\ ySfl ^JLi t4^j>o- jt te-Ul j^. alj^*- jt te jL~. ^ 

(( <~i yu)) L'Lapt ^ jJaP JS" jli t J*sl jiLl jj-«Jl I JL* p£\ j lil J 
<>UaxJl ji 0Sf ti^tjS^a i_ , jaJJ ^j-**-^ .|« .»^-1 ^ 4JlSOj 4^>ij>- 
UjLL>-j .L«jrLu>- ^j tLuLst ^ ^UaJl ji J—L» L^pl ji ^ 
f Ua-Jl j 4i**>L- (JLp JiLbJJ J**1 jt L^Lc L*>Li-l oSf '^U 
U*>L>-I .*>_• J jJji> i_jLaJ OLS" t^T^.W jjp jj»l o J->o ^j>- .ajtW.m 
. j*J| ^jP (JJ ji ^ _i yiJ V ,^3 :0V* J^ ^ V J jJjiJl J»-b 
Ji tj»--Jrl jj-» 4jb_>Jl tlj>rVl OV. Js*-^ J— t^-Li LJLlp 
jj, 2p j*jf ^iSO Ljlp (jLWj^l ^jjJl jJjj *>_oj) .^jjLSJl cj j£ 
uLfSl *>U LpLJLLj .ij _^Sfl L*>Li-1 aJL 0 jLdl U*>Li-| 
j»JLgJ 01 U*>U-I aJLJ ^SCc. n_--.L4 J^Lio Oji oi ^ LjJLii jt 
J5" j^JxJ oUUsj^Jl 01 .^1 ^-^Jjl ^JJl t^yJaJl Ojl jiJl 
0 j>J^j jjJJI (jys^pjilS" j . L*> 0 jLdL L*>L>JJ ^JI t jlpI jJI 
^ i_ ..^" (^Jl tolS" jLJU oLLU^Jl ^ jjU J-L>- iJjUcdl oL*^_>J>l 

.0L_J*j/1 ^-~*>r tj^Sfl L^ic—is*- J— 5J ^g—- Lj— > r l. ^a < 
Li*>L-t J j>o 0t ?LSC* l^.t -LLcJl l-L* J5" ja J«r ^JJl L 
cJju LjT t^L«>-L oli ji>*- Jl caJjLI 5jl>- j oli ji>*- (j^« 4jL>«-JI 
iS-b_L>- oLJTj^ JLii-J ot L*L">L>- ^Js- OLS" tSj-- jLL. ja j^Sl JJ 
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C-*rL-^lj .c5 >Vl £. W-H J>l jJl Jl c-^rl^-l JliJ /l~ J^*-J 
^jip Sjjli j j5sj jl (Jl c-?rL>-lj .ĕ-bJjr J^kj U» J.,^:l" 01 Jl 
- Ujll oJL* jl .tUapty ^JI c Cj LjjJrLS' eJy-br *Lil J-ojt- 

cL^lj LJ jJSCij* jf Lj*>UJLJ ^jSCj: ^l c J ^UJl j il^U-l ^^aJl 

^l coLjJr-lj 
.^j^l^Uly ^l cSil^Jl 
jj. JUlJ^lj .Uj-iJj Ijjiaj* JSCi oIjj^I oJLa £jj"^l jl 
LLLp ^L^-t cjIj CjLil j-?- (Jl Lj">Li-l "jjL>-I oLil 

i jS\ o->w-rfst Juti :L-Lj? ĕJy-br cjIjJuL eJb-br CjULS' .LL" Lb-br 
«dSi j L$il*j ^Lo»-^! ^Jjt- LgjJLpL* ĕJbJbr *Uapl Cjj jJs j ccJjLjj 

.<U*JaAj 

t U»« 'j-»JJ tiJLwlj (. jljyJlS' Lft~oJ>- LJ "ulJsI jl* 0 ^Ssj oJLa 

L"Jb£ s^^i JS" jl ."JLi-l ĕ Ju?-j CjlijJii <Lai cSLi-l ^tjjL" 
*Uaj-4j (j-jjyJlj 'g--y.Sfl CjIj CjUj^I - j^l ^ji»- L Jij <UP 
ojjjsr j ĕj"i Jcj> (J^j«j — (^JI^ji-l UU-Ltl (_^>-j c^L-^-^j/I 
j L ULp oLiLc-JI jJLc j j^j ju (jj> jl jVl ^tj jLJ 

Jb-bJ .ĕj"jJl cJJj (^j* Ojou-a j»-S' I j*w-> jJ i"^fjVl <L-Jl JJj? 
cĕ-b-lj <\j— Jl ojoi^ai Jj <Lu* jLL 4 5 5 (_^JJl c,_y»jSn ^j jL> 




JJUU-b iSL>-Jl 
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jl^-SH 2JJ „^:; «j ^jL) ^ JjSH ij^j^ Oj5o *i-s s * J . 
^lp oJU>- jJI oLjI_nJ| C-JlS" t jjjjJ ^j^* 1 -* .jv*Lj£-I J* JV>— «i^ (j* 

.L^Vlj cLji^Jlj tt r Jb>JaJlS' cSji-l o-Ls-j oIjj^^L* |_/»jVl 
JjVl oLJ>U jj^ Jjlj .y.jiSl ^j&l J>j *J Olj^ JjIj 
oLIjJ~I ^ JbJbJlS" tLI .jy«— j:> ^ jy^AJl j c^iU-l olS" 
^j oLLl aJLL»- ^^Ip jJb>r- (jyoli c^JulJl JL« C-iLp ^Jl toULJlj 

.^i^i 

. J,l*Jl j j>wJl ,jl JiJ Ljlp £waii Jl ^rW*^ j« k p ol 

j»Ip J^Lio 0 jSo t4~-> j jJL* 600 ,jP La Jujj ^Jl tjj^aJl ol 
tAJi-l oJ^j oLJlS^LjJ Jl4 Ll&j .cjLLJI jl c->b'ljJ-l aJU- 

jl tJaJL-j J^-i-J C->l ^.a.rT ll oJLa Ol . i_Jb>JaJl y C->l «.*,:. ..»■■« jl 

oV jLsf Vj . <-__>LJl a ^.a* JisLi LjJ ol^-JilwJ.1 ^^Jaju. tUsjJa^- 

.^L^-Vl Oy.J jy «• jil JaL>tj 

ajoJ i ^j ji^Vl J^JI J J, jVl r L^Vl csl j (j- J jl ol 
2L ob\>c^o. cJjb 1960 j 1920 j\J • olS" <»VI 5 ^SJ J 
j* oLLi^AJlj toLjjiuJl ^j . J.LJI tb>«jl ;v«"3r Lr* ^**" 
J,lp jAj t(Martin Gurich) i_r^jj£ jL 4 J~icS'l tjjj^ioJl o _JJl 
<p j*jf t(Namibia) L^*L j» jJl (_£*— o L ^i J-«-«j <J,Lll oL'L>ii-j 
^l il J-Cil LjJ .oLil j^s- _>L*o>-I <btS' iJb li oLJaJl y Spjiu 
iwJUJs cJlS" Lj :<L«j>J oli jjp tLi^l «jLa c->Jb JJ j t^jLL^sj 
.o yJlJ.1 jb>tJl (j c—i-Lp y^j Jj^Li jl tAJlJb 
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fL-*rS!l *L> J olyU* :^LJl J-aiJl 



Reginald) j>~< JL>jj Jlj^-Vl ^ji-k^ j^j-^ ^ £*J 
^ 5JLLJI ^jl^l o ji-1 £j j-. JLp d947 fLp (Sprigg 

j <d*P J>L^-j .oLU**j t*l?jvi.ij c^yl yV 0UJ9 ^gip jj^waJl 

tUl jLJ t_jjj>r (Ediacara Hills) I jLS"l-Ll J^j ^ jy>H* i*^* 

. «Us^l j jf^>«J Lj.i,.,^JJ cOL)L»wJkl oJL% ^jji 4P j-o-^- £ij!-'' lJi .T.t5"1 
o jUJl I JLp jlLJl ol jL» J5" i3 yj 4g..,« CjLJs oljb C,j-«jJl £-*J 

^ Jl ^ JJL5JI ^j 

. Igj I jo,:»il Jaii 

jl jliip^l jLT coLW~il jJUJ (^pLJrl ^jLJl jl 

(_£jy.LS\Jl jnAjJI ^jA Li.>.i O JL?- jjp^a ^jA oLLtT, Jl ijJJj 

4JI jJ-l j caJIjJI ^L-^r^l j^ JyJwJl cJLT t(Cambrian era) 
cLwJ oLrjl ^L Jijj&j ^jy* oLL»tT....« c-*a>j . Aij^jc 

|JL>- SJLtj? <L_I>- ^ io jP C-JLS' jlj tOj_i* j_P c^LJaJ 4P jajt 

. jILJI ^ uj^>-LJ.I oLp JJ 
jL-Jp ^jjjL» jjp c^jjj^ijJl j jjJl ^jji o l:,:„ J l ^. ^t; < ^j 
o*J .AJi" dJJi -Jl jL-i ^ J~a> Jilj jAj- (Martin Glaessner) 
jL*Jl ij (J 5'L.f j ĕ^jj>-jil jjj^aJL jjj^aJl cJJJ o jLL. 

j jJ^ 20j 15 ijy ^j'js Lc.<>Jif oL?L><_t-JI eJL% jf jL-Jp j-Jil 
jLT Jj coLJaJl j-. aJjT ap j*-4 j_>J Ji .cJ-A ^L j j,LL«j I y\£ LT 

jj^j L>_* jjp j '^jyj '(j^jj^ 



174 



iJaJi SjjLl iJL^-j iStUtS' i^&jty 

wjLjL>*i— J.I oJLa CJfL>- jJL' 
U «JU-I 

t(Precambrian) k^yiLjOl JJ 
.((oU-1 JJ» Li j*- ^j«J ^Jl 
j>tJij\ Ji SLJ-I ^JLaJ I : ~ g « 
tUJjP J^Jai ^wal Jlij . JV 

.ijjkip ^j&l cjLiL>ii^-i,l 

^Jii 5j ^LSsJl JJ OjU*_J| j 
jj L*S"j .j>L»»-! LjJ oL»_jii£ 



Today 



SOOmidion 
ywr* 



1 billion 
ynn 



first modern humans 

first land animals 
firsi bodies 




4.5 Billion Years 



-§' VLCi) cj jVl >Vl 

$ .^>Jl JiiLij £J~»y\ :{jJ\ s-S /Jl JLpaJU; jS^I oUI^J-l ^ 

5j .ujjyt» t^-i (jlS" jJLo V «jj>»LS\Jl Ji SLiJ-l C->L>L>w-> cJLTj 

impressions cjLw»j LjJI J^iJl USCx. 
^ Ju^ ojLJLT AjJ jj.Lk; V JlSutyj ;JxJ2^lj th.Hl 
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^ L^ty *L ol y\** :^L-Jl J- 3 ^' 



J~*&> LjAiJ-l SOjJLp oLJliCJl ota :IJLa ^ a^»Ij aJL-j iiL* 
LjJ 015" olS jJUJl eJL» .2_u„ 0 jIa 600 «-LAj JJ i_ r S' j_C)l jb-_i ^i 
LWt LJ jl .LjAi-l ja i j£ J^J i j J-Lj>- ioJbt ^L^-I 

. I Jla L.jj ^i 2J-I olJlSCJl ^ 5i jj>t jil liJJu o^J-l ^Jaju ^i 4_-iJ 
iUI £j jj^L; S j^L. LjijLLi jSot V ^Jl tJWLc^l JJJJ V~JL U 
IJLaj i^S\ y ^jo „^:T Lg^* ^ 2jLL>J>I sljv>rVl oL» 

i<_£ jJ-l j, Jadl ^ jt,... LJ 015" 3j jy.l5Jl JJ oLJL^Jl 01 ^jju 
. jlOl JLp LLc I JUJbr cjJ jJl jJJi <i 015" <_£ JJl 
j»L~j>rVl (i Jaii I y^Lb ^SO i ol jJnJl oJl* JLp JJjJI jl 

*»L»_>-Sn £-«i . LJajt Lg_~ij jj_»_*_Jl ^i Lclj t , , -,->xi 2_tL>«t,_1,I 

Jji JLp LUi <_$ ji»i jj>w,aJl cJLS" .ol jLvi Jjt o ^ i J jVl 
jl .(^JaJl jvf- (j> jLtJj l-as-jJ cJLS" oLijJUJl 01 Jl <_->! jLil 
t(C JiJl oJaJl 2J, jiSl\ a^J ^Jl jjJ~l cJLS" t J jVl oljLJ.1 
oLSj>_j <»LaJ| ^gip SjiLi c-JLS" oLi jJUJl ,iJJj ^Jaju jf ^lj 
Lclj >!__, ,» -> _» LaJuJ^- ^jSCc «.I j>rtj t^L»j>-l LjJ ^j^j jlj . L. . - i SJuLl* 

sJuJbr 

oLUa>Jl <_£ J 01 Ji JjVl fL»j>rVl <_£ j .^ak;- aJLS" ULa jl 
<_£ J jt JJ 3JI-AJI J J^l 3jJL-Jt-l Ollak-Ul yj . Jj^l 2jJ-Jrl 
iLJl jj-^vj OLi .ULSCa j t( j- jj^Jl ob J jVl 2jJ_Jrl .-.lUU^-ll 
J^aiJl Ljj LajJ ^jJl t2jLji»iJl j| jjj-l 2JjJL>»5' jjjT J-do 2J 

.JjSf> 



dJLL^-b a£-_J 
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Aij*ij .^.ajj^L&I JJoUU^S^IL; jy-*J.fL^VL.AiJLcilljLlj 

' ' ' f 

. ^AJi LiksS. ljL~. JL-Ajj 01 LuLc- tlili cJUail ajLjJ j iiJuS" 
^jj-ii lia-j*- 

LJUo-- ^ eJl4 01 (j^. c£-i-Jl tjJLiil Jki-Ju 0f ojj-^aJ ^ySS *V 
Ol^j^oT^JJl L. . aj jy.l50l JJ aIsj^^I j coLLi-Jlj t( y»l iVl oJL* 

ua-iu- jr cj^i ^ aj iJjLii 

?|JJ> ^ A» y^^jk oliJ j ioJbt#r y>o ( Jj.iLi5' jJuj ^Jl c kJtJULj 
j j^Vl : Lji* yL. V ^r.; .^aT.M JJjJl (J? jj L.JUP J Aaw>l j AjL>- ^l 01 

j£i Ailist c~ J - *u5oT LuL-arl J*4 ^Jl - Lv. Ljc«j4 
Lu— or 0LJ3 01 tjOl jJl j . 4JT_LaJI ^jw<j ^jiojjp oL*J? ^L-aJ 
.L*>Li-l ApL>-l oLI jJ-l :3-ijbJLJl jji ^Ji OLC j otiJ Ji Sl.L*T 
j>tj JjJui ^ cJl5l tl tLt* L*)LJ-I ^ ap jLj <jjJUl L» 
J^Lij JLLc ^ jj-| j^jUl jjJi t LLt> oli jJii ^ii ^ f' 
0i UJ LL*>LJ- lilj L~ LL*^ j^-JL. V aJI : JJU 

. LuJj"! J JbJbJI J^-io j t Jv»l j^ 

t cjLjjJ--l ^ ap j^. ap y>£ ajI :I»l»-I j LLJi ^j-J IJLa ^Lo-saJI 01 

J^J <5 .lf* CT^J ^*^" 1 J^" i^ 1 

AjlLs£ (jyJl aJJL. jJJ . aJ j^Jkl AiiJi> j j o jg^ 1 * j-JaP j ^f :■»' 
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^1__>-Vl «-Lj ^ _jl jAji* :_j.LJI J-__ll 



^ -^rP"-^ ^-^- (*' Oi*^ L$Jl - _A* J* - Jr jJ' 2-«JaP 

^ ^r-isJ (jyJl j t Js- Jl A_i_P Jy. oli*>lls!- , _'l y JjJjJI jl t^l jJl 
.U^JU-b -I jil j L*>_U U< ^JjS ^l t J >Jl 
.Jli j>- J5" j^jALill oJJjj 0 jJL| J| __J_J| i_j*>_9 _ jit JuJ 
.jwajJl Jj^l A__Jl «-J^Ua JLo .JLJslil SJbJ-Jl f lj*Vl J*>L^- 
^ _LJ| j__p 4s^_jt Jl J-JIj tUapty _J-"- i_> ycJl A__ i _f Ij-JLo 01 
?._iJJJb j j*ji .^^J.1 C-_£ ^>_-jVl 

Sjaj J,l J_JL aJ C-Jl (^jJl t jJJl 4i y_C. A_it A-__$il oJL* jl 
_jl jJl Jl A_>-L>_! L_xJj tA_>of "i__$il oJL* 01 .ĕ jJwa Aj jJ J _J_s 

_J-*i .A\s«^__Jl 

SjJLaJl jiyj jf L-yt ^_gil _,_ <ot U_f £ _/-VL; Lg_ja_j JL__Jl ~<JlS j 

. Lj_j Jt>- jj L* JyJ_£ _JLp 

L_4 J__o ^l tLgj»^?- iil_»_ll L*>li-| jjt _ip iL>__jVl c£ j-^ 
_S j>-'\ Jj tL*>LsU_^ĕJL_pt jt tSJsjdtcjl- jlsLJl_J_j«j :ĕJ_=- J J-j 
aJu- ._JL*pL__« jjP- J-^-i«j. U* J^__Jj i____JjJl 2JI j-Lp Ij*>-LI 0 j-^j 
0 j_jJ L* ĕ_Lp tj»_Kst JSLio 4.-k,_-« jiP L*>_U j jSCj* C— s- tjlsLil 
-_: tO-L-J *>lt-j .ĕj-J.1 A-JLj-Jl 4-_^Laj- -r J_xJ ^Jaj. -I y.jj^» 
Jg JiVl CJ-JjjJl L__-j tjJ-jJl 3j*>L_9 -J-i j^JajJl L*>1^- ^jy JL>- y ^l 

U .sjj^. jtsl^l J^ L-^pt ^Lj ^ U_jI ; 

H * 

| ^'l l-l tAj ^^sJ.1 -ul j_Jl t Lj_pVl JjJ-^ ,_Jp Lj.*>_9 ĕjJi jl 



dJJU-b iSL—Jl 
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iSjSoT aj oLJj^l oJL* J*4 ^Jl toLjJrl lk fJLJi ^ j^pf 
<UL J> *)L* ^ (1 01 .L£j? UiL-ort J-£iJ J*4 ^l oLjJrl ^ 

<]La (1 01 jl il*. LjU-l J^ jJ 
. ^-^i LjU-l ^ *JL tj, jVl JLc r L^-l 
^ ^L-^rty oLiJ lilij tij^ (< g-aJ ajIjJI <UaJL' ot UL* 
cL* JLaJ^I JL* LjA>-l jlpLJ ^Jl olijJrl :oLjJrl oJL* ajjj 
ijy -^>r jj ^l il jilj 'Ljj-j. L-s J-^jIjJL LgJ .-" 

.L-^Li-l 

J./2A* J^-H cL»LorL ^ijjJrl i^-S"^! iJut SJLa j 

cJj'LjJI _ySU c5 jS JL. ^Ja*!! LLCa 01 .USLa :JbJj f.j>- JL* 
^jJl tl;,.,.>- ^S\ J> Js A5vkf ot o ji*va oLjjJt ^j^. i£&\ 
J5"La OjJi .JL-JLI dj^-t £yj>r Js> J.la:T ^l c<L.L*Jl c£.iLil Ji^. 
JLjJI OjSL) ^jij .«WjUl iljil LgJ j£-i V *>Lf 0 j^i- c<LJaP 
Ll?t jJj?* j L5" jJL. p b»« 01» dJL5JJ . LSof jt tt>L>- ^ jVl Js 
jJLJ ^JUl c jA^\ ^«Jk»N Li5Ljfc Jjaaj <u£j? C-jw>I JJ <L*L*Vl 

.ULp<o 

oji 01 . j%-JLl j* (^i»ll LlSLa <d*ij li a*j'I J\ ol<j...t:ll 
(jisJj . aJ"!>L<5j <l-*>LJj c<dL^Lil j c<L»jl jp ^L>>-t ^jLp . t <> : .*, " j^-Jrl 
.1 g •■ ' 0jX^ (^Jl il jaII Aj ^r^-il ^j^aSLajl-l ^jip. . t o :.*." LajI Aj j» 
Ji (^iu Ot «uSLc L jIJLUj aJ ji iJv>v! iV j-iJJ Jij^r^ ^-r^ L)l 
LuLlaP <»L>>-t ^jip 5,;.« ^<Ja*Jl LliCjb a j5 OLi t JiiLj .j^Lj 01 
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.Ljjli L.L__J «JijJLl ^y»\ j*U JLc- Uajt JUaJ L_T .L^L<_-tj 
L*>L_ap j» jSJ . Jj j_> yT J J j^fi L-u» . _juS' <_s y j *)LLi ^ j>_J 
'ijo jVl L-l-lit ^iJJj tLL>- jt j Lpj-I j U j^Ij» -Jy^-j j t^Li^L; 
^ a.L__» S> j_o-__T J-_«j LJwsLUj L_-1__p jl .j»L*>U L_" j>_J 
ol5" j~ jl .2_xj* jiT^I _J1" JS" J*4 j/Jl tol ^Jl j £»lj J"! 
jSs-ij 4,,:,« _J_— ^ J\ JLp LJjJiSi : A^L-Vl tLj-iJl (*-~ L_.L__>4 

J_P .LL^LL» i__J jjj t4__-LJj c4j_\_ij c^JajJl L_lxj~ (* J * t> " (jj^ 

L_w__J jli.-j 5 .'!^ jL4-I^L_Tj .ij^SiSS jJu j>J .jJ-l Ijla 
_,p _jJ-i*- *>U_p ._-_-L ajJJ t^glLp- jLc- jii JJaj jl .L_Us> j JjLWj 
^jO^o^- c^Jl__Jl jl ct_JjSn JptjI Li ^! • y j—J' 4jPjL->-« JJaj 

. Jjt.| _JjJ JLLI ^ L_p jL-b*- L_*j t j-aJjJl j u_JjJL! 

J_»_Jl -JaP ^ja O ■« 'S> j l^! . j_1 5j ^s*- a ^Jaj j*_M jJJ 

-__C_l5_il 

^jLi-l jLW^I JLc- t _5U ^ ^ j5C_o -__!__. L">LJ-I jl .Sj-JJ 

. J j__jL « I j J/i»; L-L _; t L_. (J___Lj b*>\_i-1 (jAJtj . L_» j~_- >- J»UajJl __. 

eJu 0v. j ■ t»J- j Jl ĕ ji -Jv^ ^Jl t-il jil (j~->J -J j._".U L>*>Li-l __j j 
t-jj-bt ^___Tjj jl^JI «_>-L; Aijytil cjIjj jJLJI jf t j j^- .,,-Jl -Ijil 
4_L_> ^-.Liljj ^___^jjJLf!l ibL jl .^1 ^Jl J./T-II J eL_iJU t^JJl 
t_JJJJ .L^J jt Lj--j j_p a ji Jitj .L^_J_> J-p 5j ji :4_L- ^_L| -jt^L- 1 
(jL-js- j>U_«JI J-n-__< t2j_.l ^iLl jt l_j jJaJl ja ___w. 4>L_» LiCi 
4_rjjf y>\ j*j t *li_Vl j JUl Jli"j 4_^Lu_JVl Lj_LU j _-s_it J__J 



180 



. jLs. £j.LJl OyJl j (Galileo) jJJV 
oLJjjJl jtsi jA <s_-U.ll IjL^U- (ju js- jil _/>-VI *l5jJt1 

^IU^-Ij ~o j* 10000 aU ISI .%.IS' jL-J^I p-~*r ^ Lpj^-S, 
«LijJrl i_3LjSfl y» J»J>- ^y» 0 jSs> J~"^' J^-rf Lu£ cSjL* 'cijj^l 
,3-SsJlSsJ.I JJ-I ^lj^ <J — ,ji=>rV j^Jl — n_5jJrl IJ-* .1 jJwaJl 
tjJujA) j£i t \i*:tiu L-Lp jL$i> «uSnJj t<u>t-w Jllp L.,-.i <_> ji JJ-L» 
Jjp ji t JJ-15' OiT^ j&\ J .-k-* jJl Jl OUiJu JJ-I J-i L>J _•_. 

. Lx> «UjLgj j JLLP i ./> <uS\Jj <U?_-j 

tC-jljLi? (^j—S^jj-L^Jl (jji ^>«j ^ j Lj*>U- j^ jJ-uJl OjSo 
_j<a»«j. . Lfr j_-i 

a jS ^jip Ll^. jJ-uJl 3 ji 01 ._■! jil aJl* J-«-Ij jjJaj >VI Lg.Ja.*jj tLv* 

J_P O^jSCJl 

JS\-£o (-ijvfli[ — (_j*JjuJl LLSs-Jb j>-^\ — <- *i jUajJLi 

<LpLJ| ^tJa— Vl i_ijjvaiJl _/jJ CtiJJjyb J">L>«i .t(_^iJl cjJl* 1 
jtSl £-~J jjvaiJl OJ lt $ >Vl JLp UlJbJ jjjj ^Jl ^UajJJ 
Jjuiijl 01 .<u1p ji ,3-Jaj Jllp yj&ij O^^- 'C^J' dr" ^Jj^ 
LfpJ^i-J ^JI -(j _^Vl J-^Liil (_jiLJ ajLs^I -uS" _Jl J-aii ^JuJl 
W*.h\ \ L Jllp . L.,-.i <0 > (_J<j jLs<aP _• j^r j (_j1p J-o-jJ t LlJ j tLjt 
.^tJail <uJ_f .,_y.LJI <U->j Jl LJb ^>r^ ^i* '(»-J— Jl i— *jjs--*Jl 
apjv»j ^jVl JL* LjJ-T LdbS* js — iJ cLdjy» ^ SjLl^ JT J"5U 
LuUaP 0L» .LlL^LL» (^Jp aJI jJI «IJjjsajJI oUJJl aJj> Ojjj .«Ujw 
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^U^-^l thj ^ Ol j*\ju> :^j.L-JI J__Jl 



J__>Liil i_jL$J1 -JL_ «JLaj :Lj-_*j ^Ip j^ia^i c-J-T 

.l_$^r>J.I Lg- J 5' ~t ^jOlL^j- ^ja 4__>U- ^jL__Jl 4jj J. 01 

^ j il/>Li-1 ^ JJi _-_lp ^Ip L___?L<L. Js zy>r J.I i_i jj%_JJl ^y*^. 
/>L_jJl ^ JLU US"j .a-JLH .1 jll ja js-n UJ sj 

i_ijjs_jJl j^- _Jj£ ^Jl jJLi-l _y _Jli1 IJL* ^aSLa*- OL» 

.4^L<il 

AiL>^L) _j jjs-JJl L*>U- £J __Jl Ja*- Slc. _ Vr , _" jSJl 01 
jjbj iLL>- L$ijj__» _j>jjl JaJJl ^^«^ Lf (_; js>-Sfl L_>__jt L*>Li- 
p_-Jrl ^ LoL-l jjP objJ-l jtsl Jb-t ioLsjjJ-l __• j>-T ^ jj 
OLC^jJjjJl ____:. ( _ g _-J.I ioLtjj^l __. ^jJl IJL* 01 .^L.Lf 
jt \i* ., hu L._Up S jJSJl uijjJaiJJ (^jia*! ' (Proteoglycan complex) 

4_jjAj 4i">_<_P SLi y J-N-i <J (jjJJl lOLSCj^Ls- jj jjJl _Li»_. 0J .j-_«J 
C-J- Ojj _^C.J toLp y_Jl __• jj^Sj 2Jj jjs J)L_ Aj. J_uVl 

4JLJ_- J-J-ij iJi_Jlj _1p LJj_JL aL_> oli 2LL*Jl. <L_»U- <J 
lil 0LSCj^Utjj"jjJ| 01 .<AiL> J-Jy 01 y-J- >_Jl aJJL. oIp y_Jl 0t 
Jl>- . f !>L$Jl __. 5i">Up 4jJ_i5" j-Lj _:_>- _JL-".J ' ^LiL) £ji_j j* 
Jg J_-_>___i t_v>rV J-O' JL~>-j LgjJj Uj-i j i*OL$Jl __. 4jJ__JI oJL* 

l: .i_ijj_>jJl j* IJL* 01 .tl j-\>_ t^^j-Jl Jojo. «L. jLL« j ij jj> S_L. _Jp 
g o_j jjLI _JU_ jl _il j* iLjjj_>JJl L^Li-l jj_ j . L_u->Lii L-l j 3 _L_ j 
.01 jJ-l j~jj V L.J_p L$.ip isLLJ-lj i0lj-J-l ji _>> 



_JJb^bi£__Jl 
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JL^JlSLll oU^b^l -Jb_i U ^ t-_U_^_ll _l jil Oy. -----Jl ->i 
^j tlJbr 2Ju_" jL_-Vl .j-_-Vlj t_jL>j___Jlj t^UajJl ju 
o* J-~-"j 'C-jUIjJ ^j-jTjj-l^JI ^ jj_T ___-- i^jiL-Tni j_£ 
' j& _>^rV jS" _1p jJi-Jl ^j_~ .Ldl ^ L^U-I _^rV jS_l 
^j-J j^i t^J-p-j . b^ *J> J-t jj Vj t J*t c___LI ^j-^jjJuAj 
iSj^i Vj t^^r^jSsJl j__T _1p (_Sj->*j _J>jj_-*Jl . jL_-Vl 

j-Tt 4jl .O-LSnj^-^jJJjJLj J__£ j-j tC-J_Lij ^SjjJU* ^Jp 

Jj-4 ^Jl .-jL-. _1 (t-»l Jb-tj J* ^«h-H LdSL* -_>__jVl 

(jjj-j O-jJjLI oJU- jl jA t*Jp jA L_T J-oJUj tJ-L-J ^obwll LdSCjb 

.a^*-_jJI ,..;lLj t J_^5»_M_Jl l /L-Vl ^ 
-J_T IJL* 2i*>Lp L 
l g_« Lc. _*-«_>- LgJl : V ^l - k_ JSC^ i__JLSt *l j_w toLjl j-J-l _jy 
-_il_j- jjt JjJj»_-Ijj _L»Ij*>_- i_j_jj5r L$jjJ tL*>_»-| oLp j__sf 
JSnJJ. L_jj_» _jorV jS_l jJLj .oLLSsjt>L>- jjjjJIj -- , L_ ; -r , _ r jSsJI 
JSn_-j 4jl t— -»-l j-i-l ^ IjLi—il o-JjjJl £j jit j_i j^i t^L»- 
^JsLll ^ j>L__>-Vl *Li ,j^__L| ^ cj-JjjjJI jjj */.90 j-"t 
.o-LjS' 0_jjj>r £j j_-l (5 jJjJ-Jl _-* jt (jJ- 1 _h^ > --- , 

jjSsJ jt ___?-j L*U_p ^ L*>_t-| ^L-orSJ^jjj-s jj>-l j_t_5LA 
-ljj>rVl -J> j-j' -jj-S" . j>Sl JSC__j J__.l jJl j tL_. L jL-__ > _ r l _Jp 5 j_Li 
ja IjS Is-y^ _-<_S_ L_* ?LiLs- _T jJL _jJL_J jt (J-aJl _-- 4_Jj>_ll 

. L_-l_-_->-l f-L l_jIj_I 
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^L-j»-Vl *L ^ j-*^** : £J.I— J- 1 "^ 



j^iL" -UiLorl J L$ >Vl L_!>Lll J^S' -(JaJl L!>U 

Jaj j \ g t bj£ ^\ y\ LjJ cSjow? ^JJjj^- jytLu+j* SjWLjjj 

*<_S_r>r J^ : . :Ij«-« 2jJLs-Vl *l^>rl t-l jJl Lf> iajji (_jJl tLjJli 3jL JJL 
(SjjL>Jl 4_UJJ ^P~\ tLijjL j±-Tj iiJJ- ^jLi-l ^LijjL O^lj 
^'UJu JL-u"! .1 $L_!>LLl 4jjS aJajlj ^waJl JS\-iu cdLUj j 

'^LLjI JSCio JaJ y (JL~>*j iJbr SjLo l£ j^^I jy«LJl 
JLpL-J Lg->V ^ iJLs-r <aI* lj~A .Jbbj .Jaii j_»LJl ja *~Jl> ^jJL 
L">LLl oJLa o,.i;1l J ^SCi .^Ll jSs-io L»L^>rt ^ _k-" ^ 

c<L«Jip L*>L>*j. 3_« W«ll L!>LLl ^,,^:!' 01 ^jo .^"ij t Lg ij j< ^jj» 

uU LL^ri ( , k;7 0? Lj-SCjT .IJLSCa j t jJLLl L">U*j JLi-l L!>U-j 
^jj ^ SJb-l j J5f t L_">LLl ^ bJLc L*^s j lil .<_£ ^Vl oL. jUil 
L!>LLl jli t jx_J L">Li-l l__T yj cjJs ^Jp c__jLt_jJrl «JL* t - r » _J_L_£ 

t^jLL^» <_£ j^lj J^"~"^ "^* I . Jaj»j .1 g,..-! t k:-.- 

.1_$Pl jitj jy.Lj.1 jlJlpt ja L">LLl 

J jt&j t L!>Lll a^aI jtS^I Jkjl Jl ot J-bJJ jjill ^iCJj 
t^JaJl LiiCj JJJI Ja-Jl 01 .oL JJl LjJ JjLj" ^dlt J JaJl 
.__i j*a£ ^JlS i— s jjJ L!>LLl oV tJali (j^Lf ''LLS' LJ__»_A- 2j__JL>- 
. o jj? ^j^j toL>j_Ll ^--j ^j-^j .-.-. : . " ^gi* Ai jsw L!>LLl ^L^- 
bl - ^'Ij-iP jSLio -Sl. -jJUL| j! 4 JiJ| b^U cJjn^j" bl 
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SjjlSC oLttlS" ^|JU*I»«L> \ Q \j^Ki~\ (J-**' j5 tciJLIi ^jA 

cjJl>o jt L. aJJ- jSCc aJ>- ^ JJLJ objjr JSo. ^JLp 

^y+a\jj ^j» 1*» : ,»>; J5s-i> ^ t"!>L5i<« . Lg-jj CjLijjsr JLjjL aJLIJ 
i_j j** -<-<£j>r tAJU-l eJL* ^ j cĕjLi! L. aJl>- y tLj-Lo UJ L/}LL| 
^Jl ^UJJ ^j^Ul ^LiJJl jl t^jLi-l ^LiJjL Kjjji-I UL* iaJy. 
*>LJLjl« "^LpUJ tcSj^rl j-*^ t*i LgJL^JI tJj Jupj .ĕjLi^l ^glLiJ 
.uu-t Si yJi Ji ^rj^-l *L^jJl l/ 11 '^J^ ^lJ^-Vl jr* 

eJL* jli i aJLp *L> j . ĕl jJl J?-l j o j j^- j> aJI j jjl oL« jl*il jf jSMj 
a^-juJI j .4k,,tJ jl tL. k^jjj ji j£Jc A^jJrl ojLi^l 

L^jJL joJ oL. jl*il ^jili ^JI JLii-l Ol t jJJi J& aJL$JI 
aJjLI aJL-jJ ajL»wL*LS' oJUJbr olijj^. ^cij jf cOjj? Ji :OVI 

J^LiJ Jjt4 ^Jl tLi^l (^j* oJL* tSJsL-u jtS^I <^ jT..ll ^Js- j 
jJJLi i^L-^t LjjjJ ^JI iolJljJ-1 .L&r I ja\ cL-ot^I 

dUi L$jcwoj>- j toLiLSC^U-jJjjJlj jrisr^j^Jli' aJL cjLjj^>- 
yjtJULj? Ig». «,.■>- j tLv« L^Ljt-l cJL-J ^Jl tA^jjjLl ^y.LJ.1 ja Ai jL&a 
.Lv. J^l jiJ jl L*>UtiJ ^Jl tA;jjjJi-l cjI jj^I 
A : a : *r A3 yil j . ^L~?r Sfl t j-iJi A : a : *r , j al (J^t, 3 j j^j j^f| Lj jJ 
jtS^I fL~*rVl J CjL>I oJut ^ c-^Jl LJLc cfL-»rVi ^j-U 
J— *r LjjjJ ^jJ ^JI tCjLi jJUJl j ^ i.Jo jVl a^j ^jLp aJI Jj 

.aJI 
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jSl 5>J jU £. T L. 

.2ubr^l _i^J fbVl oJL* aJI-U aJ-I (l_orVI 
^jii . Aj jjl ^ ji_ Ajt ^gip a^t ^ _5 £j^j> £j\i jJU_ll e-U Jj>-t 

i j jf- W,,-; ^jJ-T -3L-_$"I c j^_p ^LJl l) yiJl y oUJL_Jl y-l jt 

C$t ja JaJ^S Js- j . AJlil ^l js-SU A^LrjJl 01 jjJrl ^r**! 
c^jJl JLj-jJI «^iJl .AsrjJJl -Ijil j-. AJ_£_r l-b 
Steve) j-^L. _>-__■ p-Li ^ ^L__i!l J jJU_ll jA aj o jLL. L_Cc 
cJLT apLUJI jt ^iJ .(The Blob apLLJI) cJ»jyJ.I (McQueen 
£^*>_j.b c_-L» t^>- jliLl tLjaiJl y oka.w ut Jl*j caJjj>-_- apIIs 
l_jIjJL ^ «jJl^JI c->L>- jjl 4jL_-JI ^ j cL-Ulj cb*)^ :L_j_*o ^J> 
: (_J-L-Jl LjJL>- ^Jp u_T ApLLiJJ a-*__l$JI AjLjJI .LjUL^-j ^ i jJ--» 
^jsJjcj L_i jJ .ia_i _5L_ a_- j->*il oULkJI ^ljv» SL*y i. 

£-__. i_> j__i iL>_JU 2 _J-_b tA_U- 1000 j 200 uy L. Jl apLLJI 
.(placozoan) jjjjT*iJl ^b -ijyJ.1 ^J-I (*^-il J jJU_ll LaJ 
JSC-i aJ L_»» lJL__- j£i_ tb*>J-l ^ ^l jjI ^jt 0 jjj^^LJJ 
A./a ,/»•>_-. £t__~Jl ___£ b*>bi-l c^JLi_>- JL-^r Ajl . jJi__> ( __r >w3 

LjjJ ^j-J j . J jJU-ll _J _/>«-J £ <— JjJaj i Jsl j_ut Ljj jJ _S ^>-l j t|< ..^gJb 
A_*L» jt tjji-JU ,jjt j tAjjJI iiS\j L» J y~ i-jL» jLJ.1 ^ Iji-^ 
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* * 

L.L» LL-i .tSJ oIpUaII cJJj jli tcJJi .^,,WH L^jlL? j» 
oJLa jlj c3^a^a>cll L*>L>-| j-U- iJi ^ Jl ^gip I^JjhJL» j£-ij 
. Lgj! j^»rf ^jy J.4>.»11 ^ : , -.1" L^jjJ 2J|jJl CjLS jl>Jl 
. oli j j j5'*>Ul ^ ">L*i j j?r j* ^L*^- Vl a J-* J jf- L. jtSl 0} 
L.-LP -^'^. J^-*^ ^«Jal* Ljjl ,j> jt-C-^Jl ^glp t^jLi»- fL~>-I L^jjJ 

tL*L*>l>- ^W.m ^jIp cjLjj^I LuA^tij t<_£jjJl l^ <>■•>- ^ Li>cj 
oli jjjS^^LJJ . JL* oj j>- j* L.L~>J e\i> «jg->-l y» IjjiS" LiJL>-j 
Lt>l y ^Jl j aj jjLi-l J-^l jJl cjI jjI j cAjjSj^i-l 

. L.L--J ^ 

CjU.WII ^jOju y Vl i,.;l toLpLLiJl ^ j j^- jll ^L~>-Vl e-Lj jLpr 
^> Jjuj i^J&JLi jl LujCj: Jj* . jJLJuj L»Jl>-j ^Jl cAJTJjiJl 

ij.L^I ja s jJL ^s. ?L,L~-J iJLb jtsl ^IjJ^ ^ tdUi 
aJlajJJ .^lL-^I :^5L-*>l5XJl ^JJl CjI-U-. j» «.j>- ji JjSsj ol 
iJjSo ^tjjL-Sfl J— j»t jl .ji^ ^l^j^. ^iL-Sfl ^j-J 'JjSH 

lClji j> ^ jj Ljjl C<L>- OjL» C...» .1 'Ljjlj ^tJLiLw^jJI 43jjLa* 

£. ( J UilS' LU oL,) f j^L&l cjLjj/ jt t (VrWjJl ^ jil) 
J*>«j l$JJI t j-*Vl tJL-AaJl C— j La .L^lj jJuidl Oyr^ jjCJI (j* 1 *-! 

jy. CjL>-LJI y ^Lfc tj>- jA jyr^ j^Jl jl ^-L) Jjl* - ^r^a.^^jjl 

V Jj ^jjL-^I .L. Jb>~jty jj* -bJjJlj t L*>Li-1 c~i cL*>L»-l 
. 5 j^J.1 ^L^-r^l cjL.*>U SJl>-I j 4j jJ ^SJ j ccJJ Jj' j Ju 
c^jj^ioJl j ^1 JJI jl ^ (H.V.P. Wilson) jj~Jj j v .<->..* 
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LJjjlS" OjjJ aj_-L>- Jl jj_JLj tL>- JLoJ .£t_j__/ J r l jjh Lij-JL. ^ 
pl*} jL_J Jjl jjkj 1894 fU (Unviersity of North Carolina) 
t L>-Vl ^LJp ^ jjlS" .--jjJL-' Ijb -jLa j . 1894 ^ LjJ *L>-Vl 
aJ_>-I L>- jJj^ j toL\J~1 Jl^ I y^» y_ jl ^jjJlJI tjiJNj j>Sf! 

jS"^ ji Oj-ijj jj c^-i J>r Jij .*jL~J1 j 1£nj jL__i j 
ci.t^ 4j jL4 _£-L>-l .£_ J i_/ J r l ^jLp — t^i JS" ju jj> — AjL>- i_-> j>«j 
^ jj j>p L*jj^ -LiJ .L y-Ui> 2U_..1t oUI j^J-l oJLjJ aJLaJl. SjJi 
L*>Li-l j j__Jj j j . o jUJ.1 L*>Li-1 (j> AP j-»->J> LgjjuJj' ^Jl c Jj>-Ldl 
^jLp (Jl>-jj olJb c ajI JlJI j . Lg.il j j jJs j L-^L 3g..,t.ll a5 yLdl 
AjljJl ^ .Lv. L*>Li-l C.».»>4 I^i^-L. t^i JJ>J_>- ^j cjJaJl ^Jau- 
^ja\ y t.jS\ \ n^;' ____0 . L» ^j-. tl j-«->- J->1 Ji" C-j j5" 
-L-o- L*>U-| apj^- ____Ci I ji>-ij .-_--_. jULii j iy3-\ 
^a\y JL>-L" ^l iL*>Li-l jj, -__b>Jl jjty ^ L« i J-Lf JbJb- 
LS" jj . jjLaJI ^j-» ^oj^Ij I, L... - >- _L*Liu j j__Jyj jlS" JL-J . a-_-L\- 
ai* y c^jJl (Steve Buscemi) l ^*~»y. _Jlj_-. < wr> ^ jLi c^jL-^IS' 
(Fargo) jp jLi (Coen) jj jS" 5 j>-Vl <Jl_* j _^Li_>- v J r 1 ^J-i" aJI 
jl __-->• c3j y»>Jl jJLLT -_■■■■-! k.t.iTj Ji c-_Lli-1 ^ j . j^ j j_n__» 
,a__ Aikii o jiiS" L>t-J Lv. J>-iJ ^c, Ji j jS^j ab*>l>- 
^ o-LjL. L^Jjo- L» ^ t->L__- V j r 1 jj-wJ oj j>- jil b*>LL| j| 
jl jjCj: ap ^jL* a>-L~. j jS^j L» ojLp ^JlJ^\ J>-b .*L_j>-Vl J-^' 
ojjjL c^l yaJl js- «.Lil (jiJcj jJl ^jLp IjL__pI c jj ^"^" J! |<-'" ' : " 



iUU-b iSU~Jl 
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«^Ijj. cl^i ^Uity j£i UgJ oJla .I/5U-I ^ ^U- ^ _J 

M£ UJi cjlJLat *3liA .£*A-$I (^ 1 ^ 1 u/^ 1 
**»jiLil aS" 01 SjS LUj— LfL» frj?r J^Lio »JL» »-31 j=- 

Ol y£ J*>U ^UWlj ulil *J J. JLuUl L#2-l dJLU ^ kl j-V> »JLgJ 
oLtjj^r SjLLhJ:. ^ yu ^aJ^\ J*-b <^ ^t L>*)U- 2jL* j .^jjL-^I 
UJup ^Li^l LjJ^Lc.j tAJU-ljJl 2ikdl ^jkJ Lajt (J j>-\ j .^LkJl 
.(•lil jLJ jvJu Jl ^ti*L*i^j/l 

JuJjJl AjjJ jSJj iJL-JM jp JuJl JS* IJLju ^LjL^I jJ-j 
U^- •J , J°^ (»— «Li^U- :L.U^rV *t jtS^I ^UaiJ-l 
jl . jl?-Ij 2 ji£ J-»-«j Ij*>U-I ^ 4* jjLa. j cL*» J^l yj jt L*)L>JJ 
tLJiL <» jjjj* Ailii ^LI ^ L*>U-I AjiJbs- £-J jjt >v» tj»jku ^jjL*-^! 
<u£j t AiJj iik*ail Ij*>U-I oljLLc. uL-J*yi .L.^>- jf- Ju*j 4jI .iiJLs*- 

.(^jdUl J—J-l >V» oLis<2J iJjiJij 
jy J-^l jj"j t AjjJ ^jL^I jt t<uS' dUi j- j»-»Sfl 

tj»— >- ^jp «jLp ^tuL*-^! jl .LjJ .5 ^»- jiLS" t.1 jlaJl jLprj tLMi-1 

. j»Ji-L* Jl^J t Ul JL> <Li jS* ^ j»_P jl\ ^J-P 

.^oL-^lj oU jjjS%Jl ^ JU-I ^ UT L^l ^ JOJbJl LjJ 
^jJrl jLjJrl .(-lj?rVl Jy JJ U-—iJ U.L~ar-t ^$k' tL«^.b>j 
tL. L*jAJ-I c-S Uuj jyLll .LC-Li, ^JLl ^Lj. c/jJl tJ^Jl 
tL^ oljLs^l jL-jl JU^ L^l JpL-J ^Jl UbUl 3^Vl j 
LjJ JU-I Lfj .L.^1 ^l toLjJrl ^ JjJjJI j 
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f>L~>rVl *Lj ^->\ y^" ^ J--*^' 



O^j^L^J^Li^ljtoL jjj^*>L5l OLitcS >-VloLI jJ-l^oij 

IIjua^ ol» uJl aJLa^ 4Jl-b L>«-*J Lgj J OLi tL-« ( _JaJiJl CS^J -^i' 
Lwj $ Jaii (jcjl ^jjL/^I (ji^r^ {j* uiJ^J -^'j J-*J 

t j>- ^^L-^l <jj J '^ij^ 1 jy.LJ.1 2uLbJ.I £j jjty oLdl LjoJ 
O* J^ £j J^ J 'Lr**-' ^-jt ^*-* 1 ^' J • ■ 5 - u ^ oJi {j* k...„.j 
.ajOJ j j>-j^. ^L- Vl -L-Jt-I fLj jLpr j cL">li-l 
t^uuLJJ . LJl>- ^L-or V> a!?L«j ^tjL-^l j oL j j jS"*>L5l 01 
f»L~>-t LjjjJ ^-J oli jli£ ^ L*L~>/t ^lJ tL-it tj^>cJl LJp 

.Uil-l oJ->-j oLj^^. :iJl 
^Jj ^i\ ol j-ity J-* ?J~ »>• J 01 Lj^SL» 0 jLaJ ^JlS 
OJj ?2JJ-I 5jl>. j coLJlSJl iiyrjj. oLI jj-l ^ f»L-»>-Vl 
?£L*aJ liLJ bL~>J ^J V oJLf lilj toLLLS' oJlS' 
0j& tiL-Vl aJub ajI>-,VL t jJJ 2JUjil S^Lil 5i JJl jl 
.oLI jJ~l £-« Lj^jLiJ <>rjt ^jc- lL->JJ oLj^^Jl oL^ ^ JaJL 
:2jL*JL« 2JLi>- ^jp c-LtS" j»ijlj oLI jJ-l oL?r oLjLL» Jji 
tJLij^-l oUtyl Jj.JjJI Osrjj" tAJLll 3Ju>-j L*>J-I ja JjjJl ^ 
2ju p\ jt o>- j3l JJL>Jl Jom 01 ^ .LjIpUJj 2JJ-I JLaJV 
Jg tJaii f»LorVl oli oLI jJ-l ^ ojj>- jj> oLjJ-l ^ £j jjty aJ* 

S j£iJ Lpb IJlA J-L-»" .Ajji-I oJ^ j CjL» jJUJ.1 J 0J j>- j> jjP L^5Jj 

I jv. oLiJ fL~*rVl jj.j^J al^VI ^ L^i-I JLpLJ ^dl toLJrl 01 
_*>«j f»L«>-Vl fLj ol jjt jt \ : a\i\» jJuj t JjVl jjjj .^L-or^l f j*^ 



+J 



__JUU-b a£»,.H 
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. 1 _ , » a,i ^L-srS/l £-» aJ»-lj i jJa>- ^ jl 

^ja c^t^ J jjv c*"jj U-Lp > ^jip- L«lj 3jI_k>-| c,;lSil 

ouJiJl oLls j~JL aLwJ.1 oL'l$Ul ^JS jo ^ U j jjLJIS' 3jl<L_. 
Js- LjL^ J*>U- j^i .4ijUa> LjJ U jL>-1 jSC jlj t(choanoAagellates) 
oUlSUl ^ Uli- AjjuJJI oUs j*JI jl c-i 't^JjJ' t/ 3 -»^' 
LjJl Li" .^tiL/yij 40L jjj5"*>Ul t^L-^^l dli oLI j-jJJ o j_^J.I 
j LJt L*L~>-I ^uaj JJl t^jjJl j^JiojJ-l ^jj» L>«^J iJL* jl j c~>-i 

. <LjutjJl * **jI L ^ . ■■ l l t " jl ? 

Human) ^i_AJl *J'j_p' 3l»jLLl ^ jj^ Lj^Jjj j J jSsJ JpL* JjLI 
j cjLj^-I JSJ Sja^ J*p j ^4 ^jj^" >*j '(Genome Project 
JjJjJI otL>r SjjiJl oljjJl ikjli-l ^jj^ ^L4 £-»j .L.L-sri 
c jl^juJl oLj^- itjU- ^jj^ LjJ :3_u_jL1 JajlyLl ^j oLJjj 
ILJ-I 3ja_ yLl 3-1 jjJ ^j.jLi^ JLa 01 ^ oLlaJl J*jl j tSjLi jJlj 
i___*j j»->rL* Jju JaJl yLl o JUb . oLjjSCJklj toLjjjS'_>L!lj ig^L^yd 

JjJjJI ^ fL~>-Vl tL cjLj>- SJjLL. LuSJ? LjJ^ ioLjJjuJJ 
3-1 jjJ 3--uil Wrl CjIjj^I J j£J cJapt LjJl LS" .liJb^il ^L^ty 

,3,,1»a flll LjJLJs j— 

J»-1j SjcoiJl L^-L <ujjl oJjJ-i L"^- 3^jt*iJl oli> j-Jl jJJ 
Ljjt ^ja Jl j>j 3JjjJ* 5 jLiJ ^LJl JjJp JjupI i3JLi>-1 ^j ,^U^}\ 
cJL< olj .ti >Sfl ^l Ojj ^caJ — Jai» ^ — jL " -a ^tjj—l SjLp 
cJJj V-i l_^>«j AtJuJjJl oLJ? j*JJ tijjJl ^/a-»-^-! OJi c jLLl ^ 9 JL* 
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^L-JrS/' 'L; ^ ^>\ — !l J <mM 





;'^.;.!iiilfl.sj^!;.t?ov 




.(j^J^U^yij (jL-j)Chounoflagellates iJjt&l tSjUr j—Jl 
t\y>r\ iijLL» .j^i L*JLp .dJJJlS* ^^-J Ail Vj .> | ^ ^ * J 3 ? ^ 

ICjLiJjS^aJJ ^£ jjjl ^jAki-l 4_A3tiJl oLtj^-JJ j jjl ^yLtJ-l ^jA 

01 .LSjLi oL; j^^SC-iJJ ^jjJl ^ja*J~\ Lg^j «iJJl jLS" t^tjL-i^lj 

*>-L*-j oLjj ^SCj ^ 4^**iJl oLJaj^Jl 

olj o>Lil '*J^-' 

.ILjwjIJI olJa _j_Jl ^jJLp J _j5Li J-o-P J.<aa; ULc ^Ja^ *-L» j»rVl 
«Ua-Li j jS\J Ofj5.ll «jljLJs j~Jl ^ 3U t.; j ^S\J ^Jl tC->L-J»-l U. . 
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* t 

(■y>r ^ oLJr-l oJla j> JbJLsJl jLi tii_jU-l ^ j .oUI yJ~\ Lajl 
.2j ^liil ojjk SJL* 2-L.Vl ,_/a«j .L»L~^rt ^jJ ^ill iaJ^I 

colijJrl j> tlj^t (__!>- j tLu_j J-^l jJl j L_Mi-l (JLaJl ,Jiilii> j 
"jLi^l j>f ^l c A^.^ 1 J-^LJlj L.^U-1 jy "i ja^ll JSLSJ ^JI 
c"*_*aj~J| oLW j~Jl ^ 0.3 yr y L*_^>- — J>-ljJl J_,l 2jLi-l Sj>- jU- ^ 
.*>Lli "-ikii JijUs>jj /» yu L_Jl jji ^-p^jl ^^JLp 
Jj^i? 2is jU- J jS\_J «Ji Jj oca-aJl cjLW j-*JI jl 
.c£^j>-t oLij^L^ ^ jjj^ jil (iiJJb LbL^-t *L jLpr SJjLai 

tSjJl i^-L-ty (^i^ Sr-s^J^ 1 

. oL j j^Lil ^ iiJL^ jjt ^ j j>p **j j** cuUL$\j*>L>- jj j^Jl j 
^JLc-j) LaI jil li^yk - (Streptococcus) 2_pjjL*Jl ol jj£il 
jlJbr Js- LgJ - (ij s>J j^Lt ^ \j& iiyr y 0 j& V jt jJ 
*£j 

cJilLi j .oUI j_jL| j J*jjj LS" ^tJLiso jl VL»- J^-W V 
J>-L oUL<j*)L>- jJ jjJl oIJlSjc» ./»" j^gJl toU _^-Jl ,ji2j<j. jli 

LjJuJs ji . U ji^Jl jjt j> Jb JLP jJL>- ^ UoL>cjl (j^-C Loj jUaP 

cub Ljj'1 .lJbJl£ SjLj c-.~J oLjjyJlj Ljj^Jl (j^. JfT ^ 
JbJbJl ^ j cLji.L^lj U*>L>JJ J*»l j*Jl o-La ^L>-l a_jLSCj. JjL? 

LpJb^.^J ^Jl ccuLjJr-l (_y. JbJbJl .(^ jJb^ JLit ^s-aj cOJ^L^-l 
^Jl oLjJr-l (_y. 4_jlJb ^«--J ^yb tLLiJl LJ -o (_jJl cCjL) Jj^Jl 

.L<jf L.Lort ^L J*4 
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iS_y» Lui iS J, V nj jji>-Vl J/>~Jl <J .l>J jSLiu li* 
tsL>i tj^J .^jS/l £-jjL> JjS/l 3^- jLL. 3,5 JiJs oLjjSL* 
:iL^Vl^^ljjVlj*^IJUJi^OjJL. 40 JIUjJ-^s jCij!>U. 

iL-^^l C-iLf JiJ .OL^L. JS" ^ iL«i>rf SoLI j-*-J toULi ^L-oJ 
^jLp sjJjJl OLi tL* yhUs ^jLp J jSLj JLj:-! oJL>-t lil t4\JLib- 3pJj 

iL-^-l Ojo Jj jJaJl cJ jJl IJL* Ji. Jju iL-^SU y^JL *JL>jJI lil 

V (^blill j oUI j^VI j jL<iVl J^it JT jj* cJ jill 
I jjL?" ^juLillj {j&jS*\Sj c j\j,2 : .m jil ^ ^5" . Ljli ( jj^.T,...J Lc. j jjLj 
9 iaij Lib-^ i^iLl^l ^jJ t^Lu-J j ^L ^l jJf ^ jJ uji.L- 
t(Heron of Alexandia) l$ jJj^—^I jj>* j^I c-j>*J ot LJp ^-J 
t j*J .^jUwJl uyjjJl ^j^-l — -i">LJJ J j^l O^iJl ^ Uj — (^jJl 

. -U> J Lui~. (iLJl j£j (1 .JuJ JP tiaJ-l 
Ujj t*jL.j JSsJ .LjJli SiJaJL; i^y^j «LJ-I ^jjU 01 
^liil J fL~-Vl ^ j& { p-^ij 01 LJp cdJi Ajj^J ^L-^rSLl 

• JjVl 

^L~>-Vl oLiJ Lc.j :&l~JL aj.Ip dJi J j>- cjL JiJl 



_JJUb iSL_Jl 
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jf <_.:>_J jf Jj .,<?■! JStj SoJyJbr L» J^s <_jLj^S\J.I Ojjis LJLp 
oli jI^w<JJ -_>-~j L*>Ul-l j^. (Jujjp. (Jy>*j J__>- j_^r j jl ?JSjj 
<_-_*_} SlJbr oJLsr J^ (*^-*-l ^ «^Lj^ 0 j£> L Ulp j . jj>o jl 
. Jaii ^yJlljL» ^ ^Lb UlY al_orVl -jLzJ Uj . LjJSl 
^ oJy.br L» J* oL jUil <_j jjJs L..LP 
JyJbJl <■ j_J Jl JpLiJl IJL* iL» LCj . j^-sil _JJi <__l>_J ioJyJbr li 
ijLaJ^L oLj^SwJ.1 JyJbJl <jJJu_j .^l_w>-Vl *L <_jLj*r j" 

^ oLijj^Al ^SJ ^Jl toli^i-l j .L^t^bl j c£>-l oLjj^j:. 

^Jl cob.^Ll j jiC; jV UIp <b»_i J j";:'"j L$I . -jyL _\L_w.^l 

<_jL)Jj^JJ ^_j«j . L*L_»J ^ L^taLl ,ju jy«L_J>l <_j*^L^?j J_C_o 
*J jL- ^jj yjJ <_jLS" ^LL Ljij L_i Jw«l jjl t^il jJl ^ Lf_Cc 
oL j ^Swll ijy «L«y yUl— ^j—dl Jw«l jj ( j-—J* . (jj j»-Vl «— jL j ^Swll 
j jS_J jl t<li_~»J.I <_jL- j_dl ^ <LL_»JJ Ll <Lyj>- jjjl y «•jLp 
£jJI IJL» ^ <_jI jLi^l cJLS' Uj .>_jI j3*>J <L~j yjl <_jJ_4 cjL 
oL. jJjJ.1 JiLJ *LL*>L- Lf.Jc.__J ^Jl toljLi^l £j jjSf -Jjil 

._C-L_- La-_r _Jp *LLVIj 
jj*. 3jL'l jtS^I _SJ j tAjLjj^ L. Jl jj-Vl «JL* £»jiJ jl LS_c 

_»l jO">U J*£. ^Jl <LLSJl ^jJaT ^sll t<L-j_Jil a-j^-JI <JiVl _Ja*< 
Martin) «j^ljy. <jyjL ^ - *** «jjj^J^! U-* .L«Lo«rt ^j jl Lf> 
^ ^ji-jti « jS" Jij tAJULl JLa-j LL>Ja IjJL»-I JliJ .oj%»jj (Boraas 
J LLLl JLs-j LijJLst tLjoL. I j_-if ^ . Jor _iJt j-» j^ jj_iJ.I 
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f L-^Sn *L J ol^U* :_u.LJl J^iJl 



_j> Jii ^ .^■obgj <tt£ >-Vl objjSLil ^Lj 01 4^uC_ Js _^ 
tL»">L>-l oLi* ja <£■ j-«jsf OjSo i_JL>JaJl OjL>>2-I 'J^" L^" 
JS" ^ Jaii OLJ iJL* ^jls- L>">U-I iJlP _ja-i>Jl iCJ jJl £-« j 
^JUJaJl J«r Ai^ < Jjaity j* OLJ aJbJl 01 

__J>J>j-J t4jU5" jJu-» _lJJi <uSO*j iL_-*Jj iw-jwaj o->- AjLiS" Sjj-S' 
J^ L. LiUal j_^Vl jSl 0) .J^ _/ -j~-Jl kLSJl ja JS" 
_>l yi J_SJiJj t J^LdL. uJUJaJl o^wl oiJ jLiil Jjji L.-up 
LiJ oJuajJl L>">U-I JSs-i i>---»j _ jL___>-L.j . L>*^>- j,Ldl 

iC.Jp _yi 

_cJaj ^ s-^i V _^_. _t_-_i-l-f l £t__J oi (j^-*' l^! 

Jlj_Jl -by J. .^jU-Jl oljUL. ^ OJI>-j 01 _j-Cc L. J_>J 'Ol j--w 
f Ji\ oij ^Ll _j5Jj t^Lor^l oLiJ ^i/ I il 

L__J> oLiJ ^jl tiroiJl *_Jl ^ _y_£j jiJJl l-L* __1p oLL^I ol 

.f l_>Abr ,iUJl _j£j. (1 Uj :^L^rVl 

O^ ix-j9lj ob-> *JLa .IJbr _J_1_5L ja\ j«— or _jj j_xj 01 
__^j: _oL_- jUll __~_4 JJ iiUj^L; : jS ju->- *J U jJLs£ , J.I 0 jSy 
JSLio *J j>^\ j _L<_u yu^i oLijJii Jsl ^U>rVl ol i> oUlj-^JJ 
01 j_J»JJ 0L>m— J JyjOiJl JyLa ^a *>LS" o) .aL jL> oLiLJ. jL«i 

I jS I jAi OlSj^T,-" LcJ-blS" _jS\Jj .4__Lj _Jp jjSl J-Cio J-t...... Ol 

t j>Sl oj»w»i LJT _^ j>Sl iiLU r L^rVl ^JLkJ .aiLkJl ^ 
k.Jkj ui*-^ jSOl 01 .uirT^ jSnJI _Jp (j y£ cJLS' lil L^ y*j- } 
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^ JjLa jJLiL Jb jJ jl-Tj 10 j_sJ i ( j^__o_'l ^ L, ....i 1 j it S' IjAi 

^.ty j%--_-l LLf5 Li^U-t OrU- 

cjls' ^jVi J* u«!^Vi oLj___. 5i ^ <i£_ii j 

ij^~*Sy \ oL J.T., ... J_— - t ju_Jl oljLLJi . Lc JkJ |JL>- 4__jL><_» 
jLL i_j jLL L. JJ — ^" .f jJl aJp L. i_j jL«j L. Jl _j>- 
-Jlp C, : -: j ci— - ^jSs-i-j |j\^___"Sn oL j.T.. ... C.na"jl — cJU- 

jl .jjj^aJl tLa-.C j^. ?_JJj _J» yu <Jsl£ .c_- j3l _JJj jL\« L-__ 
LgJl j^jil jj __~$J— j jLiil <_jjLL L. L* j-— p ^Lj ^_Jl t j j>_»_Jl 
^ ^L_jVI Oj^J 01 ^JrM. Jfr* -l^— oL^-TĕjLj C_J j_*- 

?j.L-*rVl *j-1-j Lkj"^. jJL| Js^LJl ^ _^___"Vl 
Vl ^LiJ^ aJL. :l__>_J _U___. LilSC, ^l J >--l Uj 

I £a JpUJJ ^eJbJbr L» ^J_» CjLj^SCJ.1 i_Jjj_> l ji-~Jl oljLii 
*_J 4~jj=M _->l jjty j flj>-Vl J* o jJt Jii t_J-Jbj .Lg^j L_jj 
i_jL-J J_4 jl .<j j>-\ Je>\ jH Lf_-Jb*__-I Ljji j»-Pj t<'L_>- { _ r l 
o, <J»7 cc_J_>- a__JI jLL» t—jjL«j Lc. :b j>- j_» OLS" ^L__>-Sn * j~~ 
ol jjVi j tfL_>-Vl *LJ c_-_- _!l_- jLS" Jij . LfrJ->j Jsl oL j ^SCll 

.S-j «jj^ j> c-JLS' _JJiJ A,j>_l 
^-nJI jy>-__r'_ , l jj^-j j* t^^JJl _JJi . j j-jL. _!l_» OLS" 
Oy*---^' oLj__w. cu*j_jI L.J_pj .j.L_srVl ^jJ ^j^l ^J- 1 
tsM u^* (ij • o-C JT ^ r L^rVl t ^jVl > 

.aJp c-JLS" L. ^jLp 



tLip (.^jijLai) 0 ^iJl cjLjJLJI JJI jt jy iJL* 015" 
oli jJUUl _Ip 0jJL_»j I jjlS^JJl t^jj *LJUJl j i<fyjir\ tL>-Vl 
^laii 0L5" t^L_« — ijj__Jl tl_JL_ > — cIjL?t7i-.4j ^jiuj iSjLj *L1p — 
JjIJ . J_Jl _r« ^jJl -Jp Up 0 jji i0j-x>r j _Ip 

tLs-^lj 4;>«jj__Jl i___IJLU ^ Ojji; ^jjj "~JjJrl *L>-Vl jjp 015* 

OJj ( o_L>_-Jl Jj-" i£Lj>l&\ cj^UJI 01 Jb- Jl c5j.jjidl 

_.. i_JJJl> yc_t ___" J_J .tL^-^jM |Jp _jj^ ^ o_jJ___ 15 ^Jk» 

tadfjil oYj/I _J-j" (jJJb-L. Jjus-.L ___" t o __»:,„.. 11 ^ 

• _>JjJl _^a__i-l J_»i"!>L* JuJbJ 

LS" .jj>__Jl j_S"t j _j1j_I jis>-\ Jljt V t4__ _j.j%_P Jjuj 
L o_Lp .(JjjkJl 0jj_ ^ __s_itj H^JjJl J**^ £-**r\ ^t 
_iil j_ i___Ji t^jJl £-j .((jt - Ll)) oUjjjLw-u o^ljJrl tjL 
J>_Jlj _j_L>__Jl _JLJ .AjjJI j j_1 t_-_JLL li Ja oJL* ((jt— LI))Jl 
!_jL__$\j j>-l V i^^JjLJ.1 J j>- 2J_">U l-b^ L; ji I j J ..^ « jJjJr' 
_jjLj J^A>- o_j>rj_i cJLS" ^Jl c^l__j"_l >— ■-'Tl j_l j *JLi>-l 4iJl 
_Ip LjJ Jj> V <_ ji oJi»_ JUj (jjjJl _,_l«J-1 Oli iL>t j L_Tj .SLJ-I 
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^U- J^s-1j fL* «jj^ jl .tUapty j fL 0 jSj' j oLJ~\ ^jjU 
— LuLoJ ^ ijyS l\j?-\ jl o"5L>«^Jl c. ■>>■/?" L-Up 

jj£> tO^L^I «JlA J>j .a1j+~j j>~^ V - <ija}\ 'a-~^j^\S 

.L ^jjj LjlJ L» J5" (_^jji!l ^Jia^J-l J*»-* 
Jl J4- tU*r J^- f ^ gJjjJl ^/a^-l £ I >«i-l 01 

oL ^ 4^-jVl ^j-* JL>- .£sJail ^ dJJi J** LlSL.L) <Gl 4>-j.1 

Itlil j ^lil ^jiajli ujWsI _ ^L»0 JuS" jA <.-J~ j\ tt*>\j jL) — L jl j^y jt 

j jj.L^ ^/aju. ujWsI j»J .A^-jVl (j>«— J JsjAi-l ^ tj^i JS" 
IjjAjl-L; Jsa-^ ^l <.XJLS^\ jy-^O j jj.LaJl i»jjL . JListy Jt~^ 
Jbu. ,L»jj«5\i ^ jjL) J?*>Li-l ^Jp ljj>r SjJ«^<5 C—iL^ ^Jl j ^.«.«Jl ^ 
Ja*j ^ol^. oL> _Jail el* ^yu .fj>«JJl ol ^jk» >* ujWsI 
,J, jj.L^ *L»>- j^l JJj-J .<j? jjJl ^/^^^Li JaJ jJ ^Jl toLJ jjJl 

J j**^" (j^*! i_jLJsl tlji>-l JjJl L / a -^"l Lfi*-b telj\__« 4«« jJ- 

; JjlJI ^ jLiJs _JjJJ - ^ .... ^.> i_i j_» .JaJi-l Jl ^icJl 
e£jjJl jjA-J-l jl .(JLcty ^ t-iLLi Jj^Sj t^Lail ^ JjjLs^ 

*— ' ./j** l^! J***i — - ' J~" J ' J J>-5sJl Jj { j a ~* m JSv_u _>J_»_J 

jl .-t^-s^ J5*_ij ^(^j-* 1 J^! '■-■'>* -I-** ' J j>«-^Jl ^ ^"J^ »1 'rtjl * > 

.(_$ jjJl ,j_-_>-l (^j* ^rjJl ĕ ^SJl «Jl» 

.kJ~\ oLjl5Jl A^i ,juj tLu^. 4^L»Vl 0*>laaJl J-» JuJjJl j^gjJ 

iijLL» ^JL» t5L'LW Jlj-»lj oLc-L» LjJp ^ iap^-I 
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i_*L». tj>r L*> .4iiL*J»l ^L»-^! ^ AlL^> jj c£ jjJl Ja^i~\ <-~£ J> 

^ja — JL5vJ| JjLJ — ^e^-J (_£l jji (_£jjjl ^jAAji-l g\ ^kioolj .(jJalol! 

^ tj>- ^jjL" a cJLJxiJ j^' LulCc tSjikii ^L^-I 
tcSjjJl Jz<J-\ jJUi^ .LjjJ^I -L-L- jJUi j U.tL^TLo^. 
^Jl toj£?--S/l ,j> jji^Jl -^"tjj tCJ j>LiaP jl t^i t-LS" j^ tL*- tl 
LiL">L>- ^j-oj>- jl ^j-uJ . ^ ^jIj^JI jp o« ,t^jJ iLj^Jj>w>J 
SJa-iJ tlj-T^I (J^ JJ* k-iiii»j L. tAjlS c^JjJl J**J-\ c£ j^ 
^ j>- j* |v-i«Jl «L-Ltj ^Jl tCjLj£-l jl .^Ja^J-l jJJi (j-» 

. Jaii AiiJ^I ^j» 1? ,t ;" LgJl ^s- j tLjJLlT LL">L>- 

Ui«>il ^j» cjVL* i-—— I (^l t^Jlj^Jl jli tL» ; a-->- jJLti U5"j 
L. k>«ij Li^ jjU Ji j . /lUJJ U5"l j^l ■Li.S' ^ ^Jsl j J\ LjJ jjSsj Ji 
V-L-i JS" t J-iJl LilJb>4 «Lip e.i_j> .5 jl 2J jiJaJl i— S jjws jLS\jL>I Jl 

1^**^1 j . o ^SlJJl ^tk*- ^Js- jiWri S -L*j jL. j JL» i! jiwL» ^pLl» i L4 

JbJLUl ^UlaJl A>JI j .J~jc1 UJLpLJ jf j_Cc ^jIj^I jl tjJJj 
j^ JJ . jLjJL yiJiJ LL*4 ^ jL>il a>»j'Ijj j4 Ld*4 

jl Jby Jjb ,JL*>Li!l J*^\ w_~-=T«--J 
j£. L»-LP Jlijil JLp i-S jilil ^ip ja j yjl jj-l J^" jl I j^ 

J| L-L^ ^ iL c LU VljJ j.r;.,,.; Lc^ Ll . j jLoJ.1 jjjLiil dL 
U oLV jJl j jV j ^ jLL 24 j jJa*II apLj^. c-^rwji 2005 f Ip ^ 
S iLL>-L |v-iJl L-L- (j-coJ (jJu> ^Jj^ JL^J^ *K IjIaj .UJL^j aJ;^' 

.|jL»r -Ujj^ L>iV 



^2 
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. As^iSj i_ > V Sj^i^p Jl t_r-**~ uy. ja*-^ ^ • p-**^ "-"l*- ol 

jJ^jo Jalall ^ydji^ <L>ol ^Jl oL>j>- i_i__C; ot ^Lll 
i>* J-*^ Cr* _J "t*" -JVj ^l I JL* j . O jJJLj^Jl ^ tj^r- Jil 
?_JJ:> J** ol Ll _i-£i . J_. Jjlu. ^Li 
oL>ji-l ^j» W.l 4- LpLo 3jL>w^-I j* t«L>Jlj <o1 iJjJJ L. ol 
ilJL»- ajLJj ^j! jj «jLjJI ^ L$JL>_-J ^l oLjJLl , t | ^J| SjLkJl 
i__*«_J LJli tj^JJ jl ^j.. a ;rl L»JLp .tl jjjJL ,jJb_j i_-;>- 1JL>- 3jLi>-j 
Jl oLjJj JjuJ i._La .L_. j-i~>- Jl 9-U 4>-1 jJ( oL>j>- 
iJ?L>w.l SjLkJl JJ ^yt L^sLial j^i d-> l<_ii S jM i_il>- 4jiJa_» 
^ j_<1 ^.^.Jl ^ 4jJj _ILa tiiLkJl sJl* J*-L .A-ijty ol J «,«.,1J 
tLioJl «jow» J_l j j Lg_« oJL>-lj JSsJ t3 : ..<a»l1 Vj^jA_1— 1 jyJ>L» ^Js- 
p_2, w L_MajJl L;>LA-L tl jjjJL oj j>- jil oL> jJM JaJ y LJu*i .^JsUJ.I 

.k»Jlj L$ji oljU^I oJL* J>^-j c£jJl iLpLo Jl oljU^I JL-jI 

Lt JiiJlj . c Liil j JiiJl 2JLf J^j ^iJl ^ ^jJLl t jJL| 
(j\ .^__uJl L;AJ--1 ^jJji- J.,ir.,...l1 j* ^Lill L«_j .4>_1 ^Jl oL>j>- 
J.i*.-« J^Liii Lijl S^ii^l ^la-^l j> aJ^LLJI ^ j>- 

jJJ JaJ^ LJup ^L. JJI Jl ojLi^ 1 JisS V . 4,.,/».H UJ-1 JLp 
JL* t_JJJJ .olijJJ ^ <o ^U- ^jJ «J J-Jm"» J^j .J___iL 
^jj» JoJuJl t_JJJJ Liijj toLjjJrl ^jj" JoJuJl i>Jlj j .« 

.Lo_oV oljLil J^y ^Jl t o*>Li_J.I 
AjjSJl 01 .(Chord) j jj^Jl ^(jjL-jJ-l j* ^ «_il oj 
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JaJ y iZjUf J^-l aJjb . e/ ^jjl ,JV*>" e J^y O-^r > j^" ' j* " />^ J ) ^J^iJ^T 

iLadl UL>dl e*UtjJL-lj* JuJuJl iJj£. i*Jlj Jf . l»U> Jl SjLil J* J 
. W/j Lfj( jJjJj j t^ljUyi e-i* L^Lo p jL ,<Lifa£ tz>ji,i:,..t. 

^Jb ia-JI J>\ jli ttliJi^j .oJL»-l jS" \jut Jaju C^L_*j SJLp ^ Oj^Sj 



.1 ^ j^uJl ^ 



I 



4s-jlj Ljjl 5iL>J.I tU^L-Jl aJL» iijJb LpLo jl .i£i_j£ is*jij 
to^LjJdl j jjjlj loLiU jJl j ciiLwSri ^ jLtl ^jt LS 

^J^-I- aJ j~rjv* L jjJ »_iJl «L«l>- »,-).»,« jU ( j^JaJl j 

^ tlj^Il y^-i ji L_Cr jLtl jl wii LjJ t_; >-Vl ojUI jJ-\£ j 
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_j_j j>JJ j£* __. 4 ..^ ..ta>_j.l 4s>_jVl j-» 4> j_j# (Jl tL$J*>L>- 
aJjb _>Lfl L_nx; .^jLop^I JpUo ji *l j^Jl ^ o'L_J>Jl 
Jai -L>jIj jLJ^I iJLw^l ^ 4__jiS'l j i_-ApI yiJl j t^-j^ 1 
.4j_*>0l _,L_JVl t^Lv>. LjjJJ jjT SLJlJb _j_ J__U j_1 _l .-U 
Jl _ j_j o J_»l j 4__l 4_*__» LjjjJ i jUa_jJl _____ j t^-JLaj^— ' 

tr _Jl ^ iJUj ijJUil _-_xJl Uu» Jt . Ut J>-Jb .4^_>JLl Jrf.b 

( j_Jl £p_ L_j j jlkjJlj i ( _ / _J_J < _'l -iLwi Jy ^__J Jl _JOL^-YL3 
_L_-Vl V j-i jl .«.IjjJl J* fLil ^ ^>-l jJl ^^^-U-I-J LjJl jA 

t__AJb j (<Lj_ I 4_j_» Jl etll J>- Jb :Lj_J _■ js- ji-* i J J LjjjJ _Jl 

jt l _S\J Jl _C___ J_i iiL__Vl jl .|t—Jlj J_a_» __J jj4 J,l AjLjJI ^ 

j .4j__.b j IL_*-jL>- ;4__S T I __»L>____JI j.. jU- jj LjjjJ t_JU_SC_l 



Ash C 

^ hurnan 
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^\ } )\ : jjA_I jLaiJl 



Jl tl jjl Jji-JL^- tc..-fl;T j i)L» UJjt» c— JU- Ll .1 jiiS* IJL$j Lg.,iJ 
« j^j-* Jl J*-J ilLLity jL>dl j£.j c2— jLsJ-\ A-ijty 4>__Jl 
JLLjt cjLcs 'LjjJJ i3U--Vl ^ Li^L*t 01 .2Li*-b olyf j*p cliL>- 
^UaP Lflj-lJ ^jl cLgJI j> -iL—ty oJL-j cUajt 4_L»-Ij j a^jL»- 

.Ljc 25" jLi-. <j ^t oL» j ^lji 
jt ti3L--LS' L?ojLT ( j__p Js*— ^Jp LjJ ^„Jl ~*A>- <j j_£ 
L 9 ybUaJl «JL* j 3_Ljl oULt^Tyi ^ j .cjLJj jt tC->L'L 
j jLtij j (Linda Buck) -JIj I jJ c aJLrS '! L-Lp 199kf Lp j J__>- 
LJuJ ^dl iol/Jt-1 ^ 3 jjjSOl aJjLJI (Richard Axel) J~ST 

.^Jl 

^ tV~Jj CjL>I jol J-^\j C~*Jb^L-l JiJ 

CjI j>-£ ^ c-C cjL-I jj ^Jp £L — 4,flW;« 2L> ji L# jp t V jl L_$j jLr 
.3j>_"I jJl o*)Li:.,,.,« >u-aj ^Jl ccjLJ-I <Jp jJJ Ji L J js~ —<j 

Juut Jjjf jJ LgJ — Jl j^Jl Cj^.a:,., « jl t-JjLsjcJl cj j^t J>j 

jvp cjL jJLil JL-jI ^jLp LaJpL-J ^Jl tcjLji-l cjLiL- ^ jJp 
Laj*j LpIWt.^I J— STj cJL. j^ i<Ll» ajlpj5 IJL* jlS' Jij .L aJU- 

.t_- J S'j£jl Uu £^-aj Ji?r JS" ^jP jlaJJ 4~Jrl 4iaj jji-l ^ c~»Jl 
isLiJ LJ jjOvj jl i_-»«j cj% fl7,,..U sJl«J cjLJ-I jl L> j^l tULT 
. Jaii (^Jb 5„<? „<?>Jl <s*-jVl ^ aJamJ j jS\j jt jjhj - |J>- (j^L?- 
Ijj--**- jj5vj jt t(%-JL> aL<s 4J L jA jLT jl :^SW;» IJl*j 

L>l j^l ji*-^! UL* jLS^j - LJLT .Jt> ^iJl ULjj L^a-a>cll o^-J^L; 



iLU-b iSL-JI 
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.iJlP ^J>- jl tJb-lj jor iJL* j>o jl 4jl :i]L)j J~ «j"I j^j. - LJaP 
cJLS" JLij .Lg_L* JjJjJI ±lL* 0jS\j 01 i— >fj toLJ-l «Jla j> JJi 

JT Ju»l j Jl JL>-I j Aj jLiil 4jLa?- ^JLc- "^Lw. ^SI jJl ^ Aws yJl 8 JL* 

V OLS" cJJJJ i4j ^a^iII jJj/jJLJJj 2JUJ>Jl i\ jil ^ ^ jJ 
^jJ cJLS" ^l tCjLLJl ,jS\Jj .oLiJrl ja JbJjJl j j>/j ja Jb 
.L^a UL* 0j5\j 01 (J jjj^l (j^J ji ccJ jJl cJJi (i 
JjJ . jLf jSLiu A^AiJ» J-~STj llL oLil j"jL i>-Vl f JjJ 
0 ji>*-j I jJLS" (^Ul t J-i-II y ,_/^La>- LJ oL> IjJbrj 
",./: «a>dl 2L»^jV| j cJLS" oLJJ oJla JS* Otlj Jl>-j .<UP 

lj-L?rj tl j^lj . (01factory epithelium) V^Jl 5 jLgiaJl tJaJiij^cJL 
ilL u.'»'"*^! j»j .4>t>-L ^jpj j>} cJLS" j .oLJrl aJL* ja I jjjT Ljlp 

oLJr J\jj>\ \~£ J ja SjdL. iSyi -Xk>- ^UJl. I j>\ J-iTj 
apLua> ^jJL oLJ-l eJL* ^j» -L>-lj JS" .2jiL>J.I ^jIj Jl j£- i_aC>SnJI 
JLc Ju-STj llL cJJa>- tll* i^JLp JLpj .4>Jl j tcJ Jr JJL^ 

.2004 ^Lp ^ L_$jlj i—LL. JjjJ "jJL>- 
cj*)LS-,..1I oL> 0ji>*-j ^LJl Ijo iJ*~jTj _iL ^L4 JL«j 

^jp ĕ-jLp CjLJ-I ejL* 01 £ejajl Ji J .<_$ ^ji-t (j-L>-i ^ LjJ 2-wsjJl 

JLSJ^I JJ-LJ .3Li-l ^cjjL ^ "JLo^l ol j_Jl (_yi*J (^s- J>*_. 
OLp jJ _L* 0LS" JJiJ ."u.*. OjJL. 365 Jl j*- Jj i-uLJl Jl cLLl ^ 
UU>JxJl ^JIj Jl JsLkJL ^a^. UJL>-I ij^iJl oL> ^ 
A>J| Jl ^j>, uy jLJxJl JpUJI ..Ij^JL ^a-e*** >VI j ulil 
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^SIj Jl^liil :^_JI J__iJl 



4>-U-l ot L>- La ^yj I j^Jl Jt 4_p t LLI j _f l_l _JJ-7->ij J.ii7...l j 

Cj^.St. .ilLwjAJ ji t£»jJl L-SCjTj .SULi iLib*- o^Li-u. Jl 

i_j-»-l jjJl j oLj-Jl j t-Lii^l LjJLj j~-lP ^ c-lil j jL>-JJ 

.tl j^Jl j J.o.t.1.1 A«a./»4 0*>Li_--« LjjjJ 

jLwty (Jaju. AijAJl jJjJ ^Jp (JsLt-lT^I Lub LjpL~j 

_JLwVl 0VI ^ ^jSCJl IJl* ^Jp V- Jl> V ^lj iWl-b p^\ 

C->li jJUJl oJl*. jl £sjai) . jUay-Jl cJLw j a ^liiVl5' cJ-Jl <£jX£- 
CjL> Jjjkj j_TVl CjLjJLtJI j jLwty ^ ,_/a^i-Jl ,JLp tL$j-J ^j-J 
LjjjJ c/>li7.,..tl jL» tstJUi JJjj tlJbl o'L jl 4-Jlj* Cj*^ . a7, n » 
4_jljJl -jLw^l oJL* :4_»wslj Aj^jiJlj .^jAjpjilLj JkJ jJ jl LjiSnjt 
.j^pjj Jl (t_jJl oL> ^ , jf Jj oL_J 

_Jp L.jjJLJ \i£ j>-\ 4J.L* 4___ij ^jP cJ-oJl SjTJLp _JLwVl -J-J-Snj 
t j\Sl _JLP ^LkJl oli -JLw^I <_£jJ .^-.t.Jl CjLj>- j-. l_L>- jiJWJ 
_4_jl J_J ._j_>-l jjJl j cjLL jJI ^ c_JJi ^ jjSl L>jlp cjjJj 

^ L--J CjL-j?»- 4»,/?; ^y» t^j^jJl («— -JL 4L->Li-l 0LJ--I .SJp 

yj J 11 * Jl '-^ 1 ***** _JLwVl5' aJUJI oLi jJUJ.1 

•9 ^j» j-Kj tCjLJ-l oj-4> ^ i_jjf ^ j_Tt tC->Lj_JI ^y>xj .oLjiJI 
+-> , t 

j_j jJLcolj LJ-T^jI^-» jj^gip .(i--JJ kai^Jrl LjLp- j-»*>LU Lj?r 

jj ^ 4__b>Jl £j jj*>U oj-J oJj>- c-> _■! j LJL^ t jlj^l ^ oL>J--l oJl* 

•g LjJ n__Jl oL> ^ j_-_^Jl jJbJl jli tcJJ_ t j-js ^j .^Jl jjJl 

tdJJi j -j^-JL l_L>- 4L_u__»_-4 oLlj^ cjLJLTjLi t^-Ja^ 
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«lial V^ *JUi Jl >il 

^ otiJ Ja ?5JL>^I a,„,t,)l oLJJ JT cjt jjt ^ ^SO 
Jl L JaJ I il cAdUr JJUJl ^Lpj^l II* vi» jJb- IJ^ jJLl ^JbJt 
oL>r ^ j-Uj oLjJJJ <L«JI Jl oU^ cJjli lij .oLJ-l i^./T J 
jju" oLUiJl ^ SLiUi^l oLJ-l Oli tdUJl i&Ap iJUJVl <j» j»-iJl 

jt ^ju iJUb .liJLaJl ajT.JLp iJLwVl ^ ojjjt jil oLJ-l ja tSjjjw 
^ ol jjj o Jju oLiJ Ji Lj jJ oj jj>r jil j^iJl oL> ^ JjLjJI jJjJI 

.4JljJl ^L^-^I <j) oj _pr jil oLJJ jjsw ^JL&J oUpUaJl 
ibLll 5jdL 3 *-r>jMi L» j^iJl ^y^i •J a &>> Ji LjjjL Ijla 
cLJLp Jaj Ujjlp .ULf y>-l ^Jj 01 j-j>- (^iy tj^iJl oLJ- aJIj Jl 
oL»-U* IjJL>-j t J *■* Jj\-io ^j/iJl oLJrl iwjS" J Jl 5jI j Jt 
^L C-^-^t Ji ^jjVl CjLJ-I oJUb 3JL.IS" *JL* IojjJT 

^JJi V C--~J U-JjTjj" OjiP ^Jl tOl yilaJl <_ ii\£ UJ» _j 

IJU ji t^SJ .(oLJ-l oJU ^oa^j <j y^Vl oLljJ-l) .L^^UI 
?L$i* jjiS" ^Ijl^l-iI ^ij V U-ijj Cj«-iJl oL*>- ^jj» j>>SCJl jJjJI 
LjLpL-J oJtiL toli jJL»Jj ^jA^r (jy tOLJ-lj ^jj^jJl ^-Uj 
o^jJJ toJjJl oLljJ-l £yj*£ .Jlj-Jl IJL* JLc- 5jL>-^I JLp 
L^«jjL ot US" .^UajJl 4J*>L' (Ja-j Oitj ttlJJtj t yci OLJ-lj 
4,/j ,,r?-»i^« oLu?r LjjjJ ^j-Ji ^LjjjJ j«-iJl oLj^r ^ J>«^» ^jJl 
1..* ojj' oL> 0Lv^JJ J». tiJLw^l j ^LS" t lil j j»-iJL 
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j^J-\ j j»~. ^jjJi Oi»VjJij olJ-i ^ij^" J 

?bl oLJr-l oJu» J*ij" liUi .^iU a^^I UII jt oL^Llj jj^jJl 
^tiJl 2L>«J3 Jl i3U-Vl dJUb ^ Oj jj£ Ji AjLUJI A-ijVl ol jA\ 01 
jot dJLIJLJ j 15" Jij .j^ijJ^^Jj t ^ > - a. " l l ^JL>ti^j ybj t(Blowhole) 
toi j>- j*« oU>-l (_$jJ j»-iJl oU>r £->>->- ^jt-iJl oU>/ jj^S" 

Uajt iO> Ji oU>-l j jji^jJl (JJ-^ p-^ ^LlJt- oJ>- L. ol 
SiUl j ol yikJl 01 .(j; >-Vl ^L^I JjJjJI oU>- 
0 jS\j Ji tL. (jyr AjjJs» j o ytkJl Oj.UsI liL» . Jj>- oljjJl 
OjUsI o yJaJl ijt jJ OJL>*j bL. ^jSCj j .aJjL» ^gi»- jt to Ja>- <>*-lJl 
J ji" ^Jl 4w*L> Jl oL, JiJl ^ js^Jl iJLb ?Li J*ij. V uyr 3 
lJL*j . j>-^j Jj>- ^ c«^| y? i_J» j«x ol yJaJl oJL* Ju j-J*jJ. 
j^iJl oUjL iL>-U- liU* JjJ i. .L.L? oUiJ jjJl ^ OJ>- 4il jju L. 
Ji LjiiJij oj.UsI ^Jl (ol yiJaJl oL» t^tiJl Sj>iii j y.J 'L$jjJ 
oJj?r j- 4 '— ■ ; ■*■ ! Uijsij toJuli oU>«JJ Jju . Jl jjj^» C ■ ^"1 y 

. j jkJJ 4Z*Us 0*>U>— S" j jjl ^^oji-l ^j? 

j^iJl oL> ^ja JjJjJI LjJ bl i, i^s. 4-*L>- oUj^l l$jJ jSO j 
IJL» J^. ojt>Ljj 4 (Yoav Gilad) iUL>- ^jj sjLU JiJ % yLkJl 
Jj»-j Jij .(Primates) oL-J^Jl oJjji obJr-l 2JjLaj:. Jlj-Jl 
ja jjiSsJl L^jjJ OjSC, oV Jj? ajji. Ajjj jjk." (^JI loLJ Jl ot 



jjLU-b a£. Jl 
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AJt>L* ^ s j*i-Jl j/»>^* .Aswslj Ap^iJI oJL»j .3 ^iUail j^-iJl oLj>- 
iJL* j t( *jJl ^ jtSl jlajJl ^gip 0^1 -Ui»j j>«J j . jJajJL j*-iJl o-JajLi 
A-*L>- ^jIp JjS* jJl Ji tAjajLiil oJLgj .aJIjjJI LjjL ^j) ,_r^«jl >aS 

.JjLtj % bjJ (^JiJl oLj^- OjOjJI Oj>«-s->t '^jjJ 
^ — SSjJI Juj-<JJ jt - Lijjt ^ A*i*Sn ^ I jyS" J^-»«j Lil 

^y» oLtll jl . LjjJ (^JiJl L*L>«j. j^S\>tli (^JJl l(jJjjJl l _/ a -*^~l 

^j-. Li*>L*t aS" jJ L. ^ i|«-iJl oLu?r ^ oJULi ^l toLJrl 
.tLLil J>4 ^l a-,L>- JL* j)Sl JSCio oJUipI ^Jl toLOiJl 
dJJi ^ J^c-t jjn L. Jl oljjLiil o-U Jij 01 Lu£Cc cAjLL>-l 
oUor OLi tLgj>«— j ojLpI oj? LaJ-T L*tLii JLiiJ o j j ./> « ^ t .>-. :5 * 
aJIwU jiS"t oli jJL*«jT. I.;,.. aJ 1 OjLii L*JLp LjLJ jiSl ^../»7 LjjJ j»-»iJl 
L$~i J*'j (oL^wj _Jl oLlJt 3-gj.Li»-» LJLusr 01 . J-w*JL»i* JS\JLj 
t<_i>-ljjJl oLu>«j. Lj-J* dJJi Jilj t^» j>- Vl oLjJdJl oLu>«j 
LuLm* LuLi JuJ aju/jM oJla jl .IJSCaj iJJLw.ty j ioLJL. jjl j 

3L>- o j>>£> Li jjl J>-lJij cLu-isL. ^Jp 



.o!jIj>*1*J.I <jj jJi£ ^j^P ^Lj»- ^ -1"* S-l>-lj S J« C->J-tj 
A^iijLl Ai J»Jl ^j c-;^ JLiJ ,aJLJuSCzJ aL>- j ^j jt t JiJ-l ^i ^Sl /l 
^JL-ijj Lit LS" >t jwaJl (jyA Jl«-i ^i SjJl^ SjlL ^i OjL» oL^jlI 
cSjjydl cjIj-uJ-JI ^oST c-»«J (Gao Keqin) jLp 
160 t-jjLL L« L* jaS- jj^»w» ^j» c.%».> ^LL*-^ cjLiLjtT...,» 
L^jyc ^Jl ^il jil ,jia*J aL>- j y Ijjj l; : ^:il Jj LS" JLoJ .j»Lp 0 j-L» 
4^J LJ oJL* jJLuJLJl cjL>L?tT,-4 oV Sajjvj ^il jil cJLS' JiJ .jLp 
CjI j LjJul^ Lo 01 . S jUJl ^i L$J j Jj»«j (JJ iJl jl jil <_£ jJ aJLp Aj JLiJ 
JJ-I j tt L«Vl j c^Li-LS' AjJJl i^Vl jt jjb c,j^L>- ^j.Os 

. aJ> jij< L^i^ ^iiJl 
Jjait SJj-I j ^jip IJj.Jj^ I Juk jjiUil g\j IJj JJJ 

jtJaa» ^jJ^Sj cL*ly jt jLp jl jt JLoJ .^ljjLtJI ^i j, L^JLJl CjL'U*1~~« 
CjIS aLLS' SjL. jjt cJLT JJJ .^LrJl <c< Xkiu0 Jjjaj 01 JjL>*j jJl 
cJt jJl £-« yL?«vyJl ^j^-Jj cjLpLj Sjlp jLp ^jJai • ^■j^ j& 
(j5\J j (j»Jj L« AjajLLt ijL* 01 ls»w>lj OLTj .a : ; : .,^1L Lu j*«j L7J_»*-> 
^JI t.J*}j& <jp S Jxi ^t c$jJ ^SC (l JtjtJ V ^Sf 
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OjU- i?oUt*j oUiil ,/ill JbJuJl Jbtj . SJjlIaJl ^jLp y cJlS" 
jUs ^gip o Jaj ^aiSl t^uiijl-l 2i yjl Jj t^jbjl jl J t4jLgJl ^ 

jt- L$Jji? Jjjj V ijJcJL Aijj j—>- :M*Jl» I ^lii* jLf jiJ .^jUl 

aIS" t4Lk5lj. jl j^>»iJ oL*Js (_5jl jl ^uSCJ tl-frjij ,oU jJ. Cj"!^ 
ĕ jj^-Vl j J, jVl ĕ jJi j .e ji^-f 2^- j5" UiSl ^l ĕjJwaJl ^il jlJl ^gto- 
. jCJLa3l CjUtT.-U jl jJ-\ ,j\P ^ JJL?-I C~5" t^icjj 

cjLjw ^il jli tUlj U5" . oIjUt.t.-AI J 3 *-" ^ 0 j~*Jl J> » ./>7 Uii 
oUljJ-l ^ iUUaJl 6 lj»rVl tolW,.,^ iai>JJ Jjaity 
USo: tO j-j«JI ^cjjU Lo jf lili .jj-iJaJl j i jU-Vl j t^Ua*Jl - 
cS-j^^ljtLJaP^I^J-^J-*^ jijiJUb .L^L^^USiji^^lJj^L-l 
2u-J-l c/^.iT.-U eUapi qa u jjajl isLiJ^ jl jJ-l L^-1>C-~j ^Jl 

ol jiJ-l .jJb^ J"^ P Oj^Jl Jj t Aj.jLSi>Ul oUljJ-l ^ 
^Jjjri-J ji U^sjT L Ju5' . LjJLp ^ I jjj>L&I <u-iJ ^Jl c t jj"«J Ujpl j 
Jl Ajj Jl ^gip ĕ jJJiJl j jJaJ <ULSsJ Ua-ji ^ ^ jJl I Jjb 
^gjLJtJ ĕjU* *}U« Jl>-LJ . ol jU-Jl jL> I jiiS" a.. .t^ U*pI ^cj jL» jj 
- L^jr o^*ji jl USCjT .(Chevy Corvette) c^-ijjS' 

\Xj t^jjU c-jjj5sJ jl .LjjI j>-l ^jji tj>- JS" ^sj jUj — c— J jj5 
jl U5 .(.Ip J5 <uk>J.I ^UaJl j>p ^-ij cl953 (Ip ^ UJUJ 

isliail JU- Uajl j* iJjbj t^sJjlj C-jjjS' ^ 4>JL>»I»«il CjIjUs^AJ 
^j.jU UlpS^* .*UapVl j (»L^>->U ajIj Aj-iJ IjJb jj ^Jb^l-il 
^JI coLJrl ^j t A>^Vlj Ij.^li-LT ^jyJl ,\j^\ ^ j c.Uaplr 
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^Ul jLaiJl 



oLLkJl 9 jlA Jy Jb>o tJuJl JUP j . Usj! ^sj jL LgJ tl j^-SH dlJj C.»:./> 
tL-jL-i ^p 1 jLp ilsL-j Lji i5 jJu cLJLapt ^ ^jjU' <j-* *L»li»Jj 

^ ojj>-j* tl j>r\j c;Jai 3JjSC 

.^jTjSJI 

:LjLol 4-Lji>- o JL*i Ul j ^l c jj ^aJJ ^LUil JyJbJl 01 
^LtUJ ^LjJl Jl 4ii jS^j: JS^Ltu «j-JaJl JsliJl jJ> (jyJl jjj jl 
JSs-A j 4-«^h-»j>- LjjJJ ^l cCjI» jJUJ.1 JS^ (jiptS" 'Lu^pt .Ojj-^aS' 
^jLLl t. j-JaJl J^-W Jl Jbu, .OjJw? oljy.lS' ^jp ojLp c^JaP 

j^jp tjJaJl Ji^i -ijyJl 5 j^" « y>-j-* ^i* LiLi ^jU- ojjT ^ ^sj t^j^jJl Jl 
i(Cornea) LJ yJl jv^ y>.V jti . jLJl IjLJ 9jL?rl J;>U- o-Ip oUJs 
(^j |»j .(Lens) L^JbJl ^J^^i t i_iLjL±Jl ,,« ;l l y 4jLL> ^j 

ct_jL>t»- (Jj ,jp OyJl Jl J-* - '^ tj-JaJl *L«jxj j*S^>«Jl 
.•LjIjJ^ Cj">LJaP J*jL ^Ja«jLjj ^»ji c(lris) (jyJl 4jJlxj 
^ JL-L| ^ LjT t^jij ^Jl c-L-JbJl jS- LaJbt) tj-JaJl Jiuj ^j 
^jAjiJ LjUP cSjLii OjA-JaP 4L<JbJL J^*- .Ojj-^aJl jM. J jyLSsJl 
ojj-^aJl j£ f jj»J cJjj.J cS—JbJl JSs-i (j* ji«J iCj ">LJajJl JiiJj 
CjLljj^j j* 5J jSOj iiLLi OjS\j 4.».J—Jl 4L<JbJl . Jbo ,jpj »— j ,jp 
oJu* i_i .t j-JaJJ AjoLLI L j ^ a j La>-j i j-Jkl LdSO» 1 >}JajJ 4LsL»- 

SLjis ^j — (lens crystallins) •L-JuJl cjIjjJLj:. jLJjjJl 
.j-ojJL LiJJij Lj-*L3^ tbl ^ jaI^J jl cjLwJuJJ LC 
•L* j^L ^SL. — (Retina) 4^5LjiJl — «. j-JaJl LjJp JaL-j ^jl LiUJl 
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^ UGHT oata 






■ (/"^lB ** UGHTOATA 

^WJP^ njKrtilui 






M IMAOe OATA 

UJlkJp 






• €X 

IMAGt 

/ OATA 




^yjl < Lij^e- ijl k^jL jLiiyJl ^ c jjz!i JaJdJ ^Jl ii jjj? V/ ^ :jyJl jS J jLj jl 

.j^lJI j Jj>- Jj ijjydt j j fa ~<J . A~iJ& £A 1 jy*Lj\Jl 4~ZJ 
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J-aiJl 



L-Lc~ .4} L-Lc~ Jit J,LiJl j tlJbr t jJaJJ ^L-*- 

JiVl Wd-\ J^- L^ j 0 jJJL Jaii J^^J *j^aJJ 

LJ jt LSLc t jl jj-l ^L ^ Lj^- Lj^JaJ lil . jl jJty 

^ ^ jr ^ ji >jl jjji ji t jL+jj jijJ-i oir bi 

<_j jlij L L/^U-I eJLA _LS\-~j" jLJ^I .a^s- j t. j~aJJ L-bU L/^U-I 
J j>- ^Jslj ^jj%_J IJlaj . L»LoJ ^ *L__I-I L^Lii-l jv«->- ^j» '/.70 

. L! 2u^JL) jwaJl L»-fct 
^jJl olS jl>J.I JS" _J jJ j^- y I jyL^Jl ^.U ^Jl tl;;,pl jl 
iS >-t oLj^st ^j .oLJjJl Jl _]L_J J r l y t2L_?__»- LjjjJ 

L/^U-I ^j» aW....; £_> j» — ^ jljC t3jiJ— £• Lc-t JL4 toLjl j-J-l j» 
0.5 jj>r jil _J1_T 4JS" ^ oLJbu ys\ Jl tt j_aJl _i__r ^ 3 „rt .._,■>__ I 

^tjjLJ I ■ - (j > ^L_L» jl • t j>«-' Lu*pt j» «LJIJj, ^t—J Jl t(_jL)Jl5l j 
<J£ ^Jl Lupt L» J^-Uj (^Jl ti r ~S'ljJl (jy 2j%i!I ^ g« j* l;;,pl 
■ L-f j^l ^ _; jiS[l JT j£_J ^l _JJjj tljyLSOl 

^JS\ A^t-J^l j tt. jJaJl £_4 (^Jl iOli^l ^ jJL_. tdUJL. ^LiJJ j 

Jj ^Jl oL^-lj t_?jJ L^JL»__J 

«. jJdJJ 4*_*jl ob jJrl 

t^>l J^-b *j__U ^ULl ^ Su» ^l J_jJl jl 

jiij 4j'Li ttj_aJl ^J-I li* ^^a-C Lj_P .Li>- tjJaJl £*j>u 



_LU-b a£<_JI 
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uy j y j**^' j 't (OyLj _r* J» 1 — -* L_*-~J .,jjtj^- Jl jJ_>_j j 4lSs-i 

J L >i« *>lc-Lij J»-»j tui-j jVl dJjxi"d L. JLlp (Opsin) 0v-°. jt <*~-~l 

i£ jS 4jil_£ Lc-I jjt />JL>__J Lil .^L.JULI iJaJ JL». jl Jl 0 j__yjl jji 

^ Jl £-L_i ^Jl i jj-l cjUjLkT L.Lc . 01 jJS/bj j j_A/I j ^S/L 

t j_alJ 3ji»L»- cLbj^- 4j^C Jl c4j jiil 4-JuJl j 01 jJt Ajtiji jt 

Jl £-b>_ Lili j J*ti% jUu^J v~JL ->t -01 jJSfL. ^ jU 

. Jkii JL>-I j 

(j^— i JLjJ j^j tc. jwJaJl ^ LgJLSs-i jJJ c. jJaJJ 3jv«Li-l _jL£jjJ--I «JL* 
juJ— ; 2j_jJl JL>-u" ,4,i»,.kll LgJU- Jl J jjj j t^^AiaJl ^ Lg__ij 

o LS.Til lil :L) yJ 4.,,/?>t^iJl LjIjv>- aIT Ijl* i_i yJ j .,jjljj 

c-L-iS/l ^ijjj ( jLy"i.,..ll i^jA 0 jSC-—" 1 4 n T«« 3j jjP Jl c-^.i^ < 0LS_» j^. 

Jl ^Lyi tJ _aJJ ajcU-I oLjjJrl ot jj* dJJi ^ t-— Jl j .aiaLJI 

4jj Jl _J-C- SjJLiJl LJl .5 jjJ tjJLii £_4j JUj . Lg_»_i> S.iLc-1 p_J <: C-5 j 

Oji «■ j_alJ aLL-J.1 tUapSU JjbJLil ^ j_Jl j^. ^i- Jl _1p j 
^LiJJ s- jJaJl JsLiJl CjLjj^- ^j» 4__Li jJl />Jlr>__^ 01 j~>- JS" 
jUJ.1) c_> jJLSL/jHj 'jL*-Jj tj^Mj 'ol^-J-l 0| .4_^il oi^j 
^tjjU jSCAij V j . cjL;.~ijSfl ^-L>__«j Ijuaj»^ (^Ju—Jl 

L-J LjjJ Lcl n_. .,»■■>■ j L$jLj_u jt (..-jT y j cjli^Lsi-^l j ^jjl 
cjLjjJtI »Ju ^glp L) ji_CJl ^SC-iJ ot LjLCb Ajt _lf- -Lsr JJ^ 

.JjVl f Liil 
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Ai'jJ\ J-^ill 



£7 jU- j> oL.jl»il J jj£ ^l olij^l jr* J-* Ul-^ij^ 
ibL« J-o->- Jl £^ i_s£* c aJL_j ^LaJLJ j .L_JL?-b Jl 4-JiLl 
lp jJ ■-jlr_ ...jVl ^Jb^-J .4-JiLL Ii,->»j (_$iJl f.Ll*Jl j>P IJ[aS 

.oLiLLlj oLLijVI j-« 3. L J L » -biuii ^jiSl io!>Lo jil j> L<aL>- 
jiiil jU.1 IJla jSJ j .L_-U-b Jl aJjJ-I ^jU- j> Jjiy L_lj 
. I j\jf L«J jJ J jl . LJl j-1p aJjL| ,L1p j>p J.aT,,.ll aSJLo (_sJUl 
oLjj^- j> tlj^r^ Jjj.Lk» -ol ?__£ jiiil jLJ.1 IJL* Ji. cSy jl jf>Jj_ jj 
^jip J-L» n_5j^-l l-L% jJaJI >M «oLiJl jl . L j>^Jl cS-*J ^iJ" 
j Jjj ^kJl J ji» ^jip Oli? ^Jl 10LI jJ-l £^«Jr l-l>- 4J..-L» W»U- 

Lj_^Jl j> SjJbt* £lj\>-l jli tL« J_x-io j . L jjiSCJl iJ jLiil b>«j jL 
.ajj^I JLp L-LpL-J iLjLSLi Jji-b j^iC* 
Lls^ jLJI ^ J\ ol-L>-Vl ^/aAj ji ^j^- L^Lc 

oLl>-Vl -b-i JL>-LJ ."uiJb>Jl oLljJ-1 ^ oL-^oj^l 
. jljJS/L ajj^JI jjJaJ t(Primates) oLJ £ Ll-^jL» j *-«-_Jl 
J,-a.a.« ^ jJ LjJ t^cJLaJ\ jlUJl ib Js .jpLc-Jl LtLylj j^iJl jl ^.TJLJ 

.sj-aJl O^,,":,-,. j-« £j jJl "j"">Lj ^Js- wUI«J ^l "J jiil "jj^JI j-« 
jJaj«-« .f.j-jaJl j-« jyt* ^ jJ o-bt* 0*)LiLL-J.I «Jl* j-« s-t>-lj Jj" 
V ^ J-JJU j iJaii 0*>Liw-Jl j> jlPjJ L_jAJ (_$ oLjJLiJl 

^yj Lj'LSC.L jl ^aii . j^J aLuL (^JLJl jjLtiJL jl jJVl y£ ji L_-^Jc 
.o->U:.„tl ^bL ^ ji" ^Jl oLvL| Jl JiJL jl jJ^L Lijj Jj-^»l 
j_Pjij LjIpL-^ oLjJLttl jjajo L__^-Lj? ^Jl tO J^-il—Jl jJ jj 
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jLjl Li_-»i to^ .57,^.11 ^Jl iAj^LJI LjLlpt L«t .oUJrl _j» 
ULa jt jJL> j . jl>- Jl oUuJl ^L ^ ibj^-jil kiJULJ OUjj.Li-» 
oUjJkJl j oUJ-l JL>-t i^JlC-Usj UtJLP olJL> jl jJjAJ Ljjj jt 
<S j>-\ j^La» J-»UcJ t_j*jJl ^ ^gLc- ^e—jJl o-^-a>«jj 1^5 
0*>Lil«^i oL> OJL>- 4_-_ij j>«Vl Oli 4 _jTjLti-*> LojTj ,t j ., all 

.^*jl _J1 

tj\j%. jSJ ^LJl jLkjJl ol jod I jjy jt ^jSsjC J j^*Jl I JLA 

Ujup <J <L r *L« ajj J"! cJL>" (^JUl tt^-iJL; U* UJjc-U-j Ji .^j^J—Jl 
$J,i7,,.7,j jL>wiVl J^m ^Jl to-ijJl jl . J j^l ĕ ^r—L! <J o 
cj jjt ^j» JyJjJl ^jy Jjait J^Lio ja^Jl ^ UjJ^i jl jJ^I Ajjj jV 
Ui-I jj ^j* . I j ;.i ^j* jjSl J£v-ij «bJLiil jLp^-lj Jl jjV'j i$S\iJl 
^jj jt ^jJJJ LlSCc. 1 jl jJVU Ajjj UjjjJ ^l c<j ^-Vl oU~J_JJ 
ic-i jJl IJL* j .aj^m j jJL* 55 Jl y Ji UiJ j^l LjjJ (^jJI t ajj jJl 
oUUJl ^jj j-Cj ^gLc- ot ^Jl toljjJcdJ oLiU>t7.>. « SJil L!-L>-j 

c j t J;>»Jl j (j^JU <Ljlp oUUJl oJlS' tci jJl tJL* J-ii .ic.JLiJl 

l t ' s 

•9 L*J oUUJl c-^w-^t .«uta j jJJl U-^r UgJ ^jSJ j -L>- JlJL. ob 

+J 

Jg jt jj-CiJl JlJLI ^ jJL. j .<liJL-s£ jl jJL LJIp j 1 jiSl ^ jil oli Jbu 
Jl t jjJJl Aj.iU-t ijlp^ jLo^U aki> jl jJVU aj.3^JI Jl jLo^l 



+J 



q .i^jJs^L jiSl jljJU 3jIp 
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^Ul J__a_dl 



toljjUi^l ^ y L_j_JL>-I , t jJ_x___j - 01 jj-' Oi^ t_s^ 
Ajyb^l 5 JLi}\ 01 . OL-J^lj _JL_*-SfLS' t oLjl_i-Jl ^ _5 >Vl j 

2->e___jl ^ _ jJ-JJ -jc-LLl £t____Jl i^-L^» S->L>jJ ': { j^JU ^> .-JLa 01 ^ 

ĕ-bJLp oLW _i j_>- jj, l-L* OlJuJJlj _JLwVlS'oL ! jU_'>Ul ji£ .jyJl 

_> j_>- ji L__pl -jUaj ^ ■ ■■ ll 4_»-L-w» _JJ (%-»_ I o : _! l3_»-__jVl ^ 

.3iJj __j|JU-t_T gL r ...JI ^ J-U? ^l .5 jjjwaJl -_->l jjjJl ^ JuJbJl 
. LJajt -__Jj_»_il ^UaJl o-Ljj 2J_L_J.I oli^LS-^l y jj£ ^JLc- iJL* 
Ljt ceLjo ^jjLJI ^ -JLaJl -_->!_> -i_>- ^J.1 ^ oL"L>t :> j>- j ^JLp 0J 
. jLii!>Ul j_.pI _j LlupI oli^LS-^l j_~~*r _j-« iJbl ^j-wJ V JLi 
Detlev) c-Jjt .Juko ^i ^ '2001 (Ip j>- _iJJ-LS' JU-1 c_Ji_ j 
. I-L>- A-jl-b ĕjJws ĕ_>j_> 0t_pI aL-IjJu (Arendt 
-j jyJ.1 -_J-I Ol-bJJl jtSl <_S-M (Polychaetes) c-LTj-iJl jO>J 
y jj Lgj-U 01 L__f ilJL>- lj_£ (_SJL-__»r Jaiajs- LgJ j . <J\Jo 

^jP ĕjLp JLLi-l 0 jiJL- jJaP j __j_P J- 2 *^ A_-L_J-I tLskP^I 

oJu- C_-jjI J-»-5 .tjJaJl JsUJ^ L ^a.^a.>tl> ..a-JI L*jLpr ^ tj_»- 
oLJr ^t^r\ J-_JL__Jl 2i yt» 01 .«L-srj 4jJL-~-»t . Jc__»-L> ^ 01-b-Jl 
C-_u jV __-_--Ls tLjjJ t jJaJJ -_«-«L»U __jL_ipV| i—..^" y j jVl 
L__>-J 01 JL>- j -UJ .oLTj-iJl ,j__J oLf -_-Jj-U 2L_-Lil olj_>Vl 
a^J-jU-I OyJL» .oUI jJ-l (_£;jJ ^Jl iO^.in.ll ^p jj y js-sLp 



cLL^-b i5L_Jl 
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-O 



ijy»J K^yJii (jy^jjlj iL^AP C*^.i.aTi ...» ^j-. 4j j£s> 

JjJ .l.Lc LiJbi I ^.t cJLS' oU-l ^_J. aiJjJl JLJjJaJl o;AJi_-il 
^ji>- iS \ s-s^ /3 '^^jLiiJl cjL....jjI ^Js- <_£ j_£ cJLS' 
.^gJlJb J5C_j (j^J coLiJigJl 4__J cjljjy. ^jIp 
^j» L»_aJL?-l c j j*«Jl Lp jJ AjjJ Lil y&- cL>- Ij_j>- C~jjI J^>rJ -LLl 
JL4 caJIjJI oLjlii;AJl J,l ^JaJ L.Jup .^'Iju JSC_o ^ j=r y Lpjj 
.l^ ;.; L_J tlj^-tj iljLii! oLil j^J-l j j-p 4jLL>J>I ^l jj^l 



iJjLiJ j^pty ot LS^j^t .^1 Jly- Jl c-Jjt _3Li_Sl jji 
aj j?r jil cJJLrS" — 4il_£ jJLj ^gdl tJu^AJ _i-S' ^j^Jj tajJb- «I j\>-L 

Jf- 4jL>-^U ?|JL*- 4jjU_. j j>J jl - jl >_Jl J 4(_jLiJJ| J (. jlJjjJl j 

. j j-*Jl ^Jl i*~Jr\ 4ivs> jJl ^ C~»«J Lp:> Jlj_Jl IJLa 
cjjjdjJl j ^ill £j__. j (Mildred Hoge) ^ y> -kj*^ cJLS" 
^ju^t LjjjJ ^-J 4jLij cjJL*-j LJup 4j$S"Li!l 4jL,j ^ dl iiaJl Jst— - J 
*§ jt ^jj» C.a.tT^I JLoi c«J->-j 4j"L>- «jUJI SjLiJLII »JLa jSsJ >l . Jai 
Js; 4j:J_j L^to.i ^Jl coLjLijLII »Jub ^j» ;>LLS' Lk>- -_J jt L$jl_C.Li 
(^J-ju. . jl iiJl j li>-V ^jL-w. o Jia c-ii-Tl .(Eyeless) j j;«Jl 
'g ^ aL.LS' d j^r^ <_S >>-t c> _J-il L__i cijJt^? j^pt LjjjJ jLS" jl j_Jl 
j_Jl <_sjJ 4^j.Liw. aJL>- _)Laj .L^Lpt cUi ^ Lc. c4j>- jJl j ^-t Jl 
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V,jJl J--JI 



jl ti-lJ jj£j V c-^ c(Aniridia) "^y^ fl-Ujl L ^Jj*-* 
IpI ^jl jj-b^j cjLJt-I tLip OIS" g: : pl Sjj-S" *l j>-l jyU^ll 
i jl yiJl ti_jLJJl - Ui_»Jl cjI» Jj>Jl «Jl* ^ il j_Jl ^ a^jL1> 

.j_J|j 

t(J j jvioJl jyJl ^ ol,;,»,,,:ll Jj'I jl ^ JaJJ.1 JsLicS^I *L>r JJ j 
jjJLi jJ \j 4-jLS" j«-fji! ia-b Jj>- *Lij oLiiJ CjI j\_»Jl C- 5 . V? L.JLP 
JyJj£ I jpUai^l toLJ-l JaJl j>~ J^i .uyJl jjJ— ' OyJl ^IJjwI 
J_J_«j JaP ^ L.JLP .CjI yilaJl ^jP 2jjj_Jl e£jjJl ,_/-<J-l t\j>A 
jl_J^/lj ijtiJlj tSjLJJl y JS" CjL*>- jl ^waJI '(jSjjJl ^jJa—jJJ 
^Ja^jjJJ JjL>_* J., Ju j i—^S" jj cjIj tjuJ' ^lJOul 2Jjj_Jl 
.4_*ij jJrl L»__>r Ljjl J j_Jl j^J: '(_s**^J jJ^-J ■<^JJ"^ 
Ja ycj L.JLP (^JJl i jJ-l tLJLJl jJL>- JLa) ?Uu> j^ l.«.U~ liL. 
jl cJJj ^jiP JuJ . j^pl Jjj jl cĕjots<9 jipL CjI» jJi£ £__ cĕ jilai 
j^lj . j JtJl Ijji^- oJlS* U3f^"l ^j-* ^jcJaJl 4j>i_^jJ| 

* .. . e 

j^ L»L" ,_il_£ ^ jj ^ ji»J jL>_Jl J ^pr^ "o^jL- 4_a yJl c_>w»l 

?Ua>- ^L.1 ^ 1U,,tT j lW,,t:T jJ-L LLp _J cj-1>*j IjL. .*JLl*,VI 
cjLJL*-! • J-^ 1 l-i* J>i J&l <->^l ^.LjJJ\ jlS" uil 

J*}U- lJj>- 4j j_J| SL^Ll Cjljjty jr* jJp jJ jJ— ' j<? tjjj^ioJl j yJl j^ 
liL^C '(J»Jjj l/ 2 - 0 ^ ^LJ— ' jl 'Lj>- c-i jS- lil .i_jLJJI ^jIp J^jJI 
cJJj Lj-i JaJLj 2jLj t|Ji J>oJl jl cjJrl cJJi L*jj*j 2jLj — j| 

.Ik^^L.I^jJrl 



jjLU-b a^JI 
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(Walter Gehring) £J ji*- _/Jlj Lu tcjljjty ol* ^Us^l-L 

Js- I jjli £J ^p jjj 015" -Lil . 0 j**Jl ^l Ju«Jl Oi 3 ^. *^->*^. 
ojjl jt jLSO JS" ^ j j-jJI ^lJUil ^jP Jjj-~il (JjJjJI 

r ii uj^p .a^Vi > ji t >jVi J* V V> ^ 

I jk.t; LjJTj .i3L* j 0 :t,>. Lup jLi t^'1 j$Jl ^ jyJl ^lJt*Jl 
liJJj ^ J-jaiVlj .oJoJL>- ,j\P ^^ip jjlsA>«j I jJLS' tL. jL$0 ^ 

^Jjl ol jJJ c-> ^^lit tlia>- t jS'L.t ^ a^LJI j^pVi iji^ jt <dS" 
^jj j^J ^ ^-^Jj j-i^- ,jp ^J >_j*-«-S' JLiaJ j-iaJJ 4jL>»i-*>*}AJ 

.SjiLii (j-L^-t jy oLjLl Jj-LJj twb JLi! :.JLa £J ^^P i_i* jIj i, 

t(Pax 6) 6 ^L t jt-Jl (_£jJ jyJ 1 f ui»r 1 J-^ 

Lcl j^p 4jI jjSsJ jij .5JuJl>- L_j£ jLjJl j^- ^tit .SjLii J s jW.tij 

,j\j>r ^|JL>«_^I p_^LSOL jl £j j^P j>~£ "k >r J •'L. 1 -P Ui*' — -*- 
jt t jgklt ^JLp : jLSs-» _;t J iJLisl 3jLo j^P ^Ljl k..t;:l S jLJl 
4 jyJl j jJaJ >»Lp ^Li» jA £J o-L>- j L» jl .^--1 t_JL>- jt t^LJ-l 
tjrJrl IJLa jl .L>jJ5j 4jLJlJI ^j t jUJl ^ 4_*ii ^Lill IJla jLS" Jjj 
AjLgJl ^ jli jJL| JaLiJ IjlSaji ^LJLw. MpUJ Ja-iJ Ji t6 ^j^L 

.oJuJl>- i)Li ,j^P Jl 
^ jjJaJL ^s>Cj 16 ^j-S^L jt t j jJ«Jl ^I-Lajl ji>- jt jVI j«-J*j 
(J j tA^-bu Lg-Jaju - 4ik£ OiP^I jJLJ Ji . J yS- 4jjJ t^Ji (jt 
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^Ul J^aill 



^Jl t^-L-^-l ^JLill — c£ _/""^J '*t^ ^ '^ 7 *' 'j>^ tlr" 

.L$j"li ^ L$^wJ 
.^j^l aiiU j t<jli»-l j — ^-JUj^l JJl — j jjJI ^ ^laJ UJL^ 
^Jj^Lij toLij^^Jkl 3.2t,»1| L$2>«^jIj LjJLu>-j tLjJLjjj^r 
.(ji j^- ^Jl ^ iL«LS' *p j^>-sf i^yiJ j— i ti_->L;JiJlj jlJUJdlj t >>«Jl 



&UJI J^iJt 



\J&- JLiJU-l 01 : J*t 2^- OiVl J»-b J jVl 5 >J! Jii 

^lij tjj! JLPj .(>Uajj! £j* JajL>*j SUai-. cS^j^Ji-l LL^P 
aJ| j^ i J~.jl <•! L>Jai j> ji" jt iLLc- t^L.jJl aJI jlj tJLo^ji.l 
Jij^i Jjb- Lk>jJi£ jt tLL- UjL. cjuS" bl .Jaj'U-1 dUi 
J-~ Jl L$jl .aJL>-IjJI jiVl (jjt — L*l jj £t»W J-*"*»* LjJ^yaj 
.-7 J.I ^ «--'IjJl ^ L*J^4 X» y&j> Oj jis*- ajJ ji J-jli 
(^j jj oLL^r £5!j ^lJul L^J t JL«jbt b I ^! jity j-Lj" V Ji 
1^*4 (»i -r ! j*Sf I jL» t^-J L.Jupj . (Rube Goldberg) jo jJ jp 
Jl Oj^Jl J>-JJ .VrjU-l jiVi jt ^jLi-l ^l ^ 

tjjjAij aJual. jiVl aLIs .(eardrum) jiVl iiJs jlji»l j jity 
4a3jJL!Li «LLal. .•il~U.ll a-L* i_^Jo-l . Lgj» « J^$j tf j~ oL^Jkp 
l..;.-! (jc^-Jl cjLJsp j!ji»l jl .^-j.LSCil ^ JSCio (aJj JJ-I) 
lLL ^ u»^ Js jrfr^J 4J jJwaJl l-Ljj .(j-Jjyil I Jjk J? j^a j tJ jjw» 
J! if*Ji *e-^M "^ 1 ^ .A*ijiJ! J»-b Jj-rjil 

OjjJj ^jL 

^JJl j t^L.jJl Jl a jLil J^" ^JI t(_jUapSfl 
aIS" I Jjt. J->*j cLL-*> j>» %b- LjJ jJa£ ^Jl tA>.jLiJl 0 J.I ^ X j~e 

.<_—->- j tjjLJj J»-b OJj>«j 
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nerves to brain 



.£ _._i// j r / J^j^i J _. — ft & yi~JL {J^i (jjJi »j$4 ) (fjjyi 

:jiS r > ^ i\j>:\ '£% Jy. Ji_J^^> LJ <-->£j$\ '-* Jh 0[ 

.j^kdl cjJrl ^j- VrjLi-l jity .-_JU-l_Ulj .J__-jJlj jli-l 
iS ti jij-I j .ajJuoJl £*__Jl oLaJiP {£ jl\ J 
oi* 01 .L$j J_u*- ^jl .;*_*__jVlj -ftA$Jl j h-jUipS?! ^Js- -JU-l-iJl 
. J jjj~» J^Lio Ujl jj- cLj j-t L__Cc jiSU aTjAjJI djj>rVl 
(LTIjUaj aJlp jj_-j (_£_Ul tOlj-waJl .Oity ^ jjJiiil fj~r-l 01 

L—J -_^»-_»- ajj j__j <L»L-'I j_* 
^ .01 jJ-l -J-U»- ji ;(Aquarium) ^'Ul ^ _JJ Jl -Jldl ^LU j 
<_i_»-l j jjl j ttuLJL* jJlj tf .LWl oll -JL-~-Sf j >Jl -JL»_J ^ 
a-ijjr j- - 0i jAJ Vr jLU SOjIjJI - jl jw_Jl jj ^i-sr j^- 0if LjjAJ 
t__J ^ jlil Ljj_d __--~-ljjJlj i__jLjL*jJI ^y»*: j La« ,^Lj_Ul ^jJ 
tLt_p ^jp _ jLp -_?r jli-l 0 iVl j j-Cj L* ULp j . jl jwa LgJ ^j-J jSU 

. j j^l 4_LJ_» -_oJi-f jJu 
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jli^l : ^UJl JasiJl 



L..LP ^jt .tfCj ^UijJl ota JL— »*yij t^jj» yJLj LL? 3pjj 01 
joJl tjy. 3-LaJJ J*-^ jjP ULjO 0iVl jJj Ji .Lit J^ta SjJ^ j^lJLi 
.oj j>- j-« SjJJl jj^j .Olil 4jjJ ^^J yJl ot i^i. yJlj 

.0iVl oL.ky. V jt tj-J j 

^j^iJi oi^i ju> - Ja-- jJi oiVi 

i(^JL>»JJ aj-^llLI jJjJIj i yuiJl £*j .oj^j? w> y**- ^Li-^JJ 01 
^ja JbJjJl JLaJj Jij .(^ j»-^! c->li jJUJ.1 ^jp Laj-j? aIsL^ LSo: 
01 .0iVl J*-Ij (^-Sj oLjJJ ojj-J.1 oL-wJl jtsi ^jkju ot 4i jj«-« 
t j?-l 01 yj>~ jf- (J»Jb>J oLjJI <^jJ ^Ja-* Jl 0iVl oLJap 
SJb-l j L^jjJ oLjL. jJI j >Jw-I j Jl L^j toL.kc- oLjdULj 

0iV' CjLJaP LtL>- ji) .oL-JaP 4jI JL—^U ^j-Jj .Jaii 

Olo...J| oLJajJl 01 j^Jj .^r*«ijr^Jl jj-*Vl £-*r'jJ 
^jIS" Jlj (Incus) 01-L-Jl j (Malleus) *i JJ.I ^Lj J> cj^I 
j-. 3jk±w. j»UajJl oJL» oJj>-Ij JS" Oli tLtj L5j .(Stapes) 
t(J,jVl -L» j-i-^-l ^ jJl j> oi j^-L. (_jIS" Jli j-i-jJ-l jj-l ji^l 
.L^ai tjj L*j .AJliJl ^j-. jl.l;.,.jlj ii JJ.I j 
^ (Karl Reichert) o j^.j J jlS" jL^I ^jjjJl J,Lp 01S" 
JSCiJ ^jLS" t.Jw-1 j Jl j toLjj! A^-t ^ c-^-itl937 fLp 



226 



IaL$__« p-^il $iili3£ ^Lsr^ jA^-' j*Vl ^5 -J--J .2__s*__A-l 

I ja\ Jbrj tl jl j>oj I jl j> dJJJj ^ji OlS" L;.i j .3jL_>J| ^LJ-I ^ 

* f 
^ dJLaJt ja tSyA oLjJuJI jiVl (»LlaP ^ uv_jl 01 \\ 

iJJm ^jp 4jLuS' c.i.iS" Ji j t^t^ o jA^.j d-Ua_ .cjLJL jJl 

oL_T c-ijvajl tdliJlj j_Vl oy. <> jL__JJ 4jL*_> j ^ii .o__»_ 

^J*~~-j t«u.«.L^ ^^JSsjcJ Sj^-p ^—LJl j jjiSl ^ -^jJLdJ ^jjJ jil Jw jJl 

j_Vl t\j>r\ jl :^*J-I -JjLS^j .i_jL.ii.CjJI |JL_ ^jji t4_>cj_ 

jtSl jj-«Vl ^->*J . »__i-»-ljjJl ^ jJLiJl tlj>i 1 4 ■ - g > ^ _oL>JuJl J 

^jjjjb ^jjjti jl Jj iJL* -- j_>l J_> OjvJi_jj jl _JjJU Ljup lJui*J 
ijy__>- ^ ■ _ - jSl y >~_ «J J jl L» . _ ji»; aL>-l 0 j>«_*p J j>- 4_j jlaj 

?jjJ_J 4j.j__ jj_ ((L$j'I_)) L$Jl 0y_-_£ 
^j-Jl (ILp^.L; d912j 1910 ^Lp ^ tSLji» aj_L _JJ_ J_uj 
3_-lj_ j_Jj __j__jj JLpI (Ernst Gaupp) ^ jp <-~-Jj| Jlity 
t jtsi *>L_2_j l-j jp yj J_J .i-»-^! ^ jl_VI jjJ-j J _p- j> 
.^jjiaj jLWl ^ __j__jj J__J ljj__jij — cijJl _JJ_ J — ^Jij 
j_Vl oLJap _j___sj" :J_J_T j_J y_J_JI ajSCiJl _jJ_Tj 

. _-Lj JuJl j _J__I JjJl ju a^Ul __ ;AiJl ^Jsu- jJl 

+J 

Jjj i_yLS' J\ l^.. M j; ^ cJlj-I jjJJ ^J-u- jJl j_Vl ^ jiil 3_Ji*Jl 
L .iju>L.jLiil jl .AJlill jj-j-Jl jL"jJL>-L. L_-">\_Nj toLjJuJl ^ 

■g <£ Ji ^Ja^ jJl j_Vl J ua >>-Sri j^JajJl jl : ^ ^»_s_» cJjb-l ^l 
jjj a >-j- ^ *»UaP ^jA LLiJ Ji — jlJu__Jlj ii ^Jail — CjLjJuJI 
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jl iVl : >-Jl J__)l 



<— ~>«j oUU»t:,,.U J*^_v cL_» Jb-1 oJL* i_JLS' jl ._j_«-l jjJl 
c j__ J">U- j_Vl j ci-il ujj Jlii^l aJLp ^ aJa- m j LUaP ^gJaj jl 
aJ~\ cjIS jl>Jl _ip J_p i_j jp jl ^ *J_C_dl cJLS' JiJ .oLjJl 

jl oLb>---_LI j5Lj:. ^JLII CjjjJl jUp^I uyu JL>-t i j ti_ ,,.■>_> 

,aj ^JaJl oJL* _i <*_Jj 
^4 oJjJ>- £-J jjj cJjj tj^— P £~L_1 j jj>}\ y CjLljuj^I ^ J 

LL yl »_j j_>- ^ oUL__r j r l ./G^ 3jL>__J>1 cjIS ji>Jl 

j^>_xj 2lL-_T JS^L* Jo jVl _r« £ y^-_~ cJLS' L LLpj .L-jjj 
L$_« JjJjJI jli t L^L_—TI p_j j_T L_j j . J1; S' JSC_j. Sja> jj_£ t-JSOl 

JjJj_J i jjJ ^ (ji-J^ ■'j^-^J (J>! jr"— _J 'u^- C_!l— ' 
ciiJ_jt i_jL__ LJ oli ji>Jl oJL^i ^jjjl J»j Ji j .LgJJL^- j LjiJkL 
tlj\?r! cjJj L_u» ci_j_>-l jjJLS' Aj_j_*JI LJS^La <-\^t\ cj j^Js c— j>- 
Jaii ^ -Jl_Jl oJu jSsj" i j .oL.jJlS' -Sl. jL_-VlS r -_> >-f 
((i_j_«-l jjJl 4__J ^Jl oLjJl)) oJL» jl £t__JI Jii C4jl J_9 jj L 
y> ^ ^h__j| p_j L _rj j> Lp j^J. jtS^I 4_J_*Jl JS\gJl 

. L_jf ojiiS" ^l jJl LjJ 0_T Lclj ts ___^kuL_Jl_^Jij .oL'L>__Jl 
5 g,,,t.ll 4_ J_Jl cjLSISJI oJL* c—>«—_>f tjj j? cJj ^Jl cjI j--Jl ^ j 
3-1* j jj-ap 5 Jp tiLJl ^ _; jS^LI ^Jiijyu, _J_-I jjJL 
c5jjj_-Vl J=r>-Jl ^ ^JLs^r ^JLS-I 4i_J_- cJSs-i _JsjVl ^>jL ^ 

.CjLjJJI j i_j_>-I jjjl (jy 

jji__u tl9l3 ^Lp _5&- oUL>__Jl '*LJpj 4_»rVl ^LJp jLT 



_U_-b *-__Jl 
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jA$\ 0_L>__J.I jILp _jtj t_J jJl IJL* jj .p-fr s - _ - ! ^jP Jj*_. 
£j jLdJ J*is^\ _~>--l -(W.K. Gregory) • ■- . j 

j_T .4JJj i^l o_L>__Jlj i_j jp 4_>-t _ru 4 » g - 4i">Lp — ^».,Ml 
4_J_P 4jjJ __>-l jjJLj 4g,,,-ll oLjJ_J| __> Jls-IjjJJ i_J _iVl ol 
_Ji AjjJ j_T j t J_-l jjJl ^LS' t Jaii _J-~- jJl 4j_>T ^i oJb-l j j_t 
0-T L__j t Lb- j^p ja\ je- JlJuSJI f Jij .fU_p ĕJp jjSC 

t_jL_J_l! i_J yVl J_-ljjJlj 3 g;;.-ll _jLjJ_J| j <-J-»-s! (J> JJ*i j& 

t J_>__Vl ^ 4.1 __> -LJu- :L- j_T-jt ^oji-tsij J___J j_T>t 
Ji t J_-ljjJl _Ji S >>-j» ^i fL__Jl jl _J_i _J_t jj_ ^^jJ-j* ^Jl 
j_Vl j aj.L^JI ^ __» s___rl Jj t __.jJl £. >__t -_*_-*»l 

.oLjJjJJ _J_~- jJl 
L-j ._l_Jl ^UaP __. jl.X_.Jlj 43 J_i1 L_J_P _j__J J_J 

C£j JJ_>-Vl J-*-J' - jj-b j -T t4_>-Vl ^ <_-> JPj _Jj__Jj 4__-V 

Jl oLjJuJI £_L_- jl ._____- j 4iLi__'l j^_j jt I J__. t_J jJl 5L_« 
_jLJ_JJ — -__o 4_il j ^Uaj J_— -J 4i*>_Jl o JL- jl ^UaP _j^>_j j_t 
iJaP _jI_ _J_I jJ-l 4.» _ -," \J t_j j__Jl __ _Jpt ol__ J ^___- 
>LJail __ IJjJ_- L__C _J>L_J_ Jl t j_-J _,« ..^Tj ji .oJ_-ljJl j_Vl 
. L_jjj jv-._JJ ĕ-bJb- _ Jf Lcl -£jl Jl J-_-Jl ^i -J.tj L_T -<_.,->_> 
Lclj t^JbJl j_ ^Uap c j__j j*_j i JL__VI lj-* jLi t-JLLi-l jj 
t[»U_jJl jl .(j j>-\ Ja\ j&y _L__> s_ jj>- jil ^UajJl 4_>- jJ ĕ_Lp|j 
^ OjjLj- Ji t >ws_JJ _i_-l j jJl JJ ja J__.Vl ^ __-__-__-l ^l 
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Jl ^ JIpL^-J SoLiJdJl 
SaIiP OtL>- tlil jjt .DlJti-Jlj 4$ Jail (jp I jjiS" LUS\j JLaJ 

?^L^Jl 

Dl iJbt ja^j ^ii t^ji y a>-<w_j tl*JLi LiLJl 3l?L^j dLjt 131 
La*Jl L$Jli tOLJ^I jit J^ta «.sj^r jll « ji"-^Jl 4Ja*Jl aJL* 
^jjs ^Ui*Jl aJl$i toJi ^s-j .{£ jl*Jl 4SCo-Jl dJi 5ijj>-jll 4jj jJaJl 
tiJJJlS^j t4jLJl 4-* j-i-jLl jiJl 4jaP t-jlS" Jl l)I .OjjJaJ L^JIi 
4i jjull 4jjLJ| 4JxJl - >-VI oL-Jlj J^l J LJ o >Ldl 4Ja*Jl 
Dt ^JJ tOit ^JaP J 2-Ja*Jl aJL* ^SJj . (Hyomandibula) 
oLS"L ^ja L» j*p tLt ^ .Olil LjjJlS (j-jyiJlj iJL—Vl 

SjaiL^cj (J jlaJl liJLiJl (jLaj jS (J j-^P JSCi LJ a jjh tt-Lil 

.^LjJI 

iLjiSCij ^Ua*Jl aJu 4jLli>j (^ £wsl jJl i_-d->-VI (j-« j%-P Jl ^jip 
J_J? <_jL5' Jl ^jyj t43 ji*il (_£ ji*Jl jJLiJl 4jaP jy 4-jJl 4^- jt jli 
UijL* (j-« (JS* 4jL1s jJ j^-tJ jJl i_wa*Jl jl . L^JLiu (^Jl t_->LaP^)U (^?- 
.(^J>- jJl > il (_£l t(jLiJl (^a j,t. : 4-l p jiJl i ,,<?»ll jj* ^(j^r-b.Jl 

i?Litj tL_—uij 4jjjJaJl J j-^>Vl IJL>r tjoillit jcJaJ aJL»- lil LjJ 
?viJJJJ jJ — L* J^i . ^,A»Jl J--^ 5 _^Jl 
SjjlaJl 4JxiJl 4-Ja*Jl *^_ L-Up .oL7L>L_Jl _i,l 4JL>' JiJ 

toUL jJl J" oJL<JlS' oLi jJi£ ^j ^s- ^iJl _L_J j 4i ji*il 
^ 1 g « j-« J-i^; (_j^- tU-JUs L-i ^jLaJL» Jt>-LT L^it i£ j 0 1 LSvC 
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jJcj Lj^J 01 .,».« II ^ Ijji (Jpj^ ^cSj-LJl ^iiill 4jL$JI 

4j ji»i\ 4JxiJl iaJa*Jl 1 cdJjiil (t-^-^J S ji^" 0 jSsj U-Uj*i . I Jajl 

.c-jL^jJL; I gjtt , - 1 1 J-**JJ *jl J Uf OjSsj U-UPj tSijiail 

JLp ^iiL. d.L>Jl JUJ otjj U-Up o~l>- jLii^l 11* 01 

Ul 

Jjj .«.Ij^ll ^ cjljljv»VI JsLiJV ^aJLl. LjJl«^j Lp^s j» j ci-jLS' JJ 

. jjlo.^l 4j jJjJI 4JxiJl i«JajJl JjJLni oJujJJ OjJLill oJl» Ot-U- 
.oLJ-I ^tjjLl j (jyaJaP jJ j^*J J*^-* ^Jj^ L g^ a -»' jll Uil jl£ 
cOity a^J&p JI,iJLiJL!^bLJaPjjj4j jj^ji_jLS' _Jl J-^»l 

ji-S0l ^jJlJ-I j .4^jUI JLp ^JJ *JLwVl c-iii? Ujup oLb 

SiJls-IjjU 4\_iJJ~l jJlAJl ^LlaP C->jjj£ U-UP coLjJUI tj-iJ J*>U- ^ 

.LjjJ OlJu-Jlj 4i Jail ^LlaP Q./a'\ 
.aJL^IjJI 0iVl - 0iVl jJUi _>pI 0VI J^-JJ 

^s*a ol jouiJl j i3j« f^\ - aJ>I jJl 0iVl 

c0iSfl aL> j^pI cJ^UlU dJLijk ^jUj c^jLJ-I OiSU J^jI 
j^Vl dJj. ^i^i j-*j <-^J a -** j^ j 0">LiJl 4.,jt r .Jl oLo.,Jg.»tl j 
0 jSCi ^* j c4JU-ljJl Oj^I Jj4 wJ> L* .S^j^^JJ Jji-b LL^p 
iuJaj«Jl ^uSn JUo" c^LJL 5„jLJl ^L/S/I j s-t^' Lr* 
^jl cAjJ jiJl JSCi -oUjJI ^iL ^ JLJ-I ^* US" -jdJl 
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.^jj-JLlSl jii^ ^ 1-1*- i?w?l_} 0 _^J 

. Ubi 4iJ> j tbV jm jSZ> Jo-I j JS" Ay^l oJs- SJU-I jJl OiSU 

*3La_j ituJ j 0*>L* ol4^ ji-Tj JJ ^Jls^jl-j tl^pr^l Ju>-I 

a jjt frbVj . *S" ^l ^ *iiJ y tU—i j ^jI—j J>«^-j L-W j^I 

.L>' aJVL U^loJl jiVl >*: r l*il 
Cti j5lc aJj\* ii\s. Is. _jLf aJU-lJJl Uil ^y. sJu-uJl f l_^-Vl 01 

^ yuiJtS' J-jJub Jjljj A^-^klll A....A»Jl b">U-l J_- jj .41 




nerve sianals to brain 



i'jjLi\ ^LS^t ^J* iJJ-dt ^L^J-I f>j£ Jtj^. i^lL-lj Lv JJ i y 

.J'U Jj-*fj jlt ji^J (JjLeLtj Jl J* jj L~aP yL_- 



233 : jiLJl jL^iJl 



obL^J ^Jp ol^uiJl Jli iJ Ljlp .f*>LJI UL* 

(Jl 4-JL j^5" oLiaJ JL^aJl L"!>Ll-l J-*> tLjjLijLj .^;?;:.»» 



Jl 



,Lc-jL*J jl cLw? j* j' c tJl j-^sl Lj-L>«— j (^Jul c^LjJI 

J->J c£j ^iJl ^ Lu-fj jl5v» ^jP Ljv?«j (^JJl t<-~£ jJl 

.Jb>l Jlif ^Jp ^j^ ^l t 2L>JiJl 3 ^SOl 
^ f!>LjJl jli cL*j$j ^ Ljlp . t »*>LjL * jLJ.1 tiJLi^*)L]l ^yt 
l _JxJl eJufc jt jj t jVI Jj^j" .^LjJ-l JLj? ^Jp ((^JiJl)) JkL-j.j 
diLJ V L JS" Jjt i_i yM t aLIj «dsLiJL ^ . j^ &LLp ^ ap y,.si* 
j*+a\ ^Lic. — IJL* . «u^ij eL4VL aJL-L ^*>LJI ^Ljjl Lw~» tA^Jrl 
oJl* jli ttjJ-Jj (^-^. f j*> L-Up . Lit J^-L LLc Ji>-jj L —jy&j 

f*>L$Jl J-t :c!jI^Vi JLpL^l aLJLJt a~~. tv _ m ^-Sl _/Ji 

SjLil jL-jl ^ j tc_jLapVl ,_Jp ^j j juijl JjljjJl (^i^ j t J^-ljJl ^ 

.^LjJI (Jl L^2P 
t» r -S'l ^j - j^-jj 4~*L~s>- jisl <d«f tLU-b ^ AjjT^UaJl IJL* i j^-j 
eJL* jli cLJj J-i LJLp .a^Jup^I ^J^ (ĕ jyws o!.a>) jj^..a11S* 
. jjSl J^JAj *J ^J iJSCjL uLiJJl c_j*>Lijl jjj oU^Ll 

a jJuaJI oli*>L?-VI iJl j-l ^j» Lu$Cc. Lf OaJl a^L-j- ^ |JL* Ojjj 

* t fi t e 

jli tiiJL-lj cJLl lil .^J jJl ^Js j* ___j> iJbr 

.(^«rjLi-l tUaiJl ^ ^j^jJI Lw j yj^-" (jL»«iJ jt ijLLiCjT 
3J j*^J>Jl ^ ^^-J j t2L^sjVl ^J.iLt-l ^ ,jLv«J ^Aott.,^* LJL^sr jl 



_JLU-b *SL- Jl 
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^jA oJb-b»- <L>w-J L_-pI Jj>_-J t«» jjJL . I g.* oiL>- V ^Jl cAJUiaiJl 
AiT I JL* ^ J-$—Jl j-j tLU LliToL^^j-i-jj i Ji-tyj _<Lc-Vl 

. i-jL^jM oJLjJ 4 : L ">•»- «\JjxJL» Jju sLj—iJl jLtp jl . jLijJL j j*jJl 
jj>Vl _r« ~tj*r ^ Vr* jL-Jl Lv JjJJ ^Jl t4i JJl jl 
atjLr oljJ i_jjAj JLa .(jjLLJl ^jjIjJLL J./?t« cUajj 5_JL>-LjJt 
j»">LJl Jy»o ji jt cLgj ^ jL-i Ija^ i jity J»-b f">LJL 

.^4P jLJ jjiji j ciL^AjJl L;Aji-l tLtjl L>..^« ck_-jUVl oJL* J»-b 
J,/?t« <Jjr ^jL-Jl j coijs Jl JljJ^ <^Jj>*_-J c^JJl tf »U_Jl jl 

SjoL" OJ)LiajP ,_jL>Jj. L_pl i£ jp*j j»_nj>«JI j«J^ . L_-pl OjAjaju 
JyJl J j>_J SojAjajJl (j^.a:" -ijyJl "JjJ. "WU-I jl j-brL 3l./?T« 
Lpljl LljJ J^ jt L_Cj:.j . jryJl j jL~Jl j t J__-Sf1 j JLtty Jj 
^jisJj |JUJj>- oL>"-L JaJ jl j jJli ĕ JS* ^ ojAjajJl aJL* ^^.S; 
.^JjljAJl LjJj«jL <IL__U o*>L-jJI aJLJ SJLaJLII ^^Laii-I ^^Jaju. 

.v_JJJb Jxii jl j jj ^j^- cci Jl Lu-c-l J j£- 
cLJ aS* ^^Jl o">L-jJI j jyJl jy 2JL-JI iL^L~_»- JljJ>l J/*J jj* j 
.A^jLaJl aJut Jl JaJl ^ y<t .T-J L_Uj <>L;AJ j t_jJ->JJ jJ-Jj J 
•9 1 .dL-lj Jy^CJJlj tJb-lj jlSO JLc j^-Ji, jjLLjPjjj 

-t-i " 

Jsi , JLc- jb_L« JL-p c L ?Sj y=rJl «J-* *LjI , <j kJJj-b- (<JJl L 

L uJJJ <"L«uLi aS* ^I-I oJL* jl . J y»o dL-lj jLS" L^jj co-b-l j Akii 
o j>L<ajJl ^ oJj>-I j JS* jl .i_jw»jj V JjxAj oJjLt» LfjjjSO (Ijjj J 
^ oL^Jl jl <l/ I Jl oLS" j>. J5J l-^jj-J cdL^p ^AT j jUJl 



235 : 3*UJl J-*iJi 




nerve stgnals 



Jl 3S 'jJ-l »-U JjpJt .U+ljJl jiS'' ^JtUlJljm* i j* JS~ 

. P LtjJl Jl <JLm jl ^r-*^ Jk~* 

dlJj y J^— j "ti^ 1 j Lfi^l j J-" ^Jl IwJ—lj 

oljlil J-^j ^JJ t^LjJl Jl CjljLi^l aJlA J^j- ^ .<UPjw_j 
jf ^iJl (aJUI o jlL ,il y»*Jl LjJ* jl jyjl o*>Lap 
eJunj .j_Ja^2 01 jSO: fLkJl UL* OJ .jJL*lj ^j^i L-^i ^ ^ Lj-i 
.^Lp J^-1j L^. jL- ^jp I jjiS" L j&tl ji *Lks»-S'l 
J^-jJt tjyJL *Jj>-ljdl jisS'1 *JUtf RLg....Jl J JaJl j^j 



_J_U-b iSL-J! 
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l_j ji- l_JJj Lgj 1j-_L> jt j^iJJ tjS^C. ^Jl J ^J-Jl _r-» .^LaJl _J-_) 

jV £SjL>_>> tL_-t J*3 Jl Li jjjL J j>_>Jl L_Jj~ jl . J j>— Cjl ^jA jjiS" 

. jlj-b i jI s_J L_ji>tj jj&j j^Si oL_S" l_j j_j . LjJ ^yajL^t-J J_^J_!l 
^iLill i_j j_Jl yl i._,,,.; i(oL» £-L_u. L» ĕjlp jljjJl 1 j*j 

.^|j__Jl j jLi-Jl j tjl jjJl ^ Jjj£.L_J j>-__.l 

j tLo Jl J j>_xJl ja \ jjiS" J>- JJ t<_j j_Jl l3j_J L»J_p 
jj^. ^j t J_Ii JJ-Jl JLe- ^ j_£ o iVl ol j__l J>-1 j JjI j~J1 
.4J>-1jJl jjty ^i jj>rjll f*>LJl Jl Lo J j>_xJl Ji_j ti_J jJl 

j jSJ jLL_V1 1 Ju_ a>^u_ jli _JJjJ ^*>LJl vJ_-t J j>_>_1 j 
^i l_j Jl aS" ^>- £_j . j jijJl l_j j _r* (jotS* _Jp J j>_nJ1 l_~_iS' 
JSJi JLp iJ y>_JL tjLi _> j-_ ^*>LjJI jli t J j>_kJ1 J j>o j ^tSJI 
L*>l>-I jJj£ ^_j lJ> j_j .L. ^k-JJ jL.jJl l_J_4 Aa^^iJl j .oljj 
L_xJ t_3 ^>_J V _,>_ j ._! ^>__ Lit LpLo (jJa_-J 'Ljit ^i 4j y__Jl 
. LpLo ^y^- -LiJ .jUI ^ j> _1p j j_»_j. jt iSjjlj ^i j jiL. 

lJ> j_jj t jj JJ Lit LpLo Jj-ju-j .LupI JUaJ J_f 2j_N_J,l oJl_ jl 
ioLp) J_-l j eL4l (i LUjPl (_/ai-J .Lupt 0*>L_P Jl oL. jLcU j jjt 

IjI .j>-V i JL>- _,_i _J^>_j L_i> £^_J jt JjL>_ L_-j t(tjy>-Jl Jl 

oLj?LL_V1 oj-*_> j J-* ti_jj— JL L_9j^t^A>_i ( ^i^^__' jl l_JjL>- 
Jl>-j ^& j*j .(Nystagmus) _iLL_11 l-jJjJ-) ^j*--» ^'j t^-u_Jl 
(j-LJl _JjJ l_j jjJ_Jl UL* _fP jj_»«-j L. Ulp j tL-jt L-JJ^ j-^ 1 

.ĕ-L—Jl ojLiJl l— jjLSjj (jjjJl 
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JliV1 : jiUl J^ 



*jL>*i^l jn.hit t JbJl ^jJl ^ 4.J.;U aJLjL^JI <_j j^iJl oUJ 01 
SJujkJL» i«-jj:.^l5 Ji jlSJI OjSsj i _JSC_JJ JbJl ^ jJl ^ii .*>LJ5 4jU_£ 
il Jjbr JUs j>V 11» 01 .«J-o j* J j>-vJl iiljl ^j ^L_Jl 
jJl Jl ^*>Ljl ^ iJLt Ji-Jj .<_~jLVi _y <>Jj->r y» J j>— »Jl ^ji-I 
^ _>j_11 JL>- .LJL* jl jjJl tj-J t ^"^LgJl _Jj j_>_j { jjjj t_JJjjj 
jJajlj tSiLJl SJLJJl ^ ijy^ 1 J! 0)ljJoJi> v_p OjJj c$JJl '<—» 

V a-^p- 01 c$ jj" < * jw> .<L»-L__I (_jL>t— jVI Jf\ j&\ o jj J*>L>- <tJl 

.^-jTLw aL4L ^jSO tOLJbii 0Vljj' 
_<L_-Vl j jii\ - i L_J A Jisl\ L->ojLj 01 LuSCjT 

tJa5 yk (Trout) 0 j_L* <_Cw ._L_.I a y> cJ jL>- lil IjLjJ •}___$ _/>-VI 
JT Jtyu LS .U>-IjJI _JJjV LiL*- OjSCj L ULp I jw2p c-jt j Lc.^j 

t JjJ>-4-1 J— ai k-j—i (jSLl ^ Ja5_J.I 0 j_J_Jl <_Aijl> t^jjjl ...rtll 

<_-_r-_ Lj-j 3__>r j J*-»' ^jp J j_aJ-l <uS\j: >- t_jS"Lt ^ SjU- j 

CjIjLj CjLI j_> ^j t JJaJl ^j* (jSl»^! «Jj» 0 jSsJ L LJLc- ,oL j—il 
^JlU- ^JeijH^ iijy&\ _.1__**>U JjaiVl (jS^L^I . JjLbU 
JSnS" tJaijil 0 jJLJl j .<U_»L_Jl jL>_S.Vl ^J-W jt tjj>«_aJi 
oLLl aS^j^-j jLj. ^L-s-^L aJ -».»J aJTajJJ y-Vl _<L«_-Vl 

. L jiJ ,j-*-JJl «L-L—T tLgJ j>- 

^jp Jb-I j Ja^jS' 

t_j*>L«T,,.tl a i* . L^UaP j _i|__*Vl JLL»- _j-_-i> t^t _Jl j Ju~Jrl J jJs 
.^*>LjJL (^*>L. u-LS1 Jl aj yiJi Juljj Lg_L. J- y o j;Ju^ f js- ^ ^ 



^iJLU-b iSL-Jl 
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i^tlill o £ Jr*^ JLiil j^oj .(Neuromast) 3.,„^»ll ^ JjJl jJaP ^^*— o 

-L-iu IJL* 4...,..aJ| jJLiJl jJaP jl .2LjU 4j ^J-I Jlif ^JjP ^Jl 

J js- *LU ^ j>^i L.JLP . Jji-b 3,.,,^^ otalJcul tOjJw? ^Jj ĕ ^5" 

Jul jjjl ^'«J ^UJm J J^- il jij^ ^J-Sj AjLs cAjw-JI 

jLgJr-' IJL* J--jJ tLLJ ^ :> jsrjil ^UaJLS' L.Ij? >( _wajJJ 4j y_Jl 

j^Lc .LjJj^- tlil i£ j>*>. L~3- aSC. II ^Jojuj i^UjJI J.I ajLil 

Ja*jj ulil J*JJ oL^L; jj— vJ 01 I JojJ- J i]L_J j _L_J}U 
^Jl i_ll_' t 2JL. ^Lil Ja_.l 2jL yi_J jt Uajj Lj-Cc ^iJl £j jjt 

L5" L.JLP 1-1^5' L*LlaJ L>Jb>tiL*il JLiJ . L$-Jl>- a^Lc— - i?-L* ^y. ^**" 1 
J~> Jtj iji^t Ll>_j L«JLp J- 5 *^ ^Jl '~ ^ j^ '*-'.::* ' — Jj 
JJ _L_*Vl j j jiJl ^ j— ^' _J-Jl 0-" jJ .tjJrl IJL* ^IJu ^ 
JL.I jJu jjJu V LpjJ JiJ caJL^-IjJI 0iVl ^">U ^ ytl Lp jJ ^JL^I 
. J_iJ L.JLP jl jjJL L yti LS" Li c<Jl J j^>_\Jl aiUal JLp 
£_J Ljjl ^Js- 2___Jl jJLiJl tUaptj tiJL^-l jJi LJiV O jJaJ lil 
£t__Jl ^ jJ ^ OLjL L_**>\5\j .£j_»_", c,.i..l _jti t_jLiL. t^jJiJ 
; Vjl tL»- L>-^jl (j^Jj .Aj.Lii. (w^jT j^j. jl^jLiu L_*j <, j jJaJl «.LJt ajIj 
§ . LlaJ a^ JJjJl U ?:uUljJl jity ft t S___J| jJuJl j-_p 

Jjj jj Jl cjIj ^JuJl otfl*__il Jj'I jt Jom Jlp l JiJ c-.tt.lt lil 
0jotv LjJL JL>_-u i 2L- j jJL. 500 Jl js- JJ c-iLp oli jiii ^t 
■g .2.,,„^p jJLp c->L*JaP L^jjJ jLT aJI ^jIp JjJ A^jLli-l LjjPjj^ ^ 
^ SoL» jJ>J.I aJLJ aJL^-IjJI Oi^l j*- I jiiS" jJjiJ V ^^J cJaJ-l t j-J 



c 
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jli^l : jiUJl J__i)l 



LjjJ j^Oj _-_- j . jjjc» _yjt JJ --U-tl ,_jUj otfU__J.1 Jais- 0*. 

_JJj ja oL_J aJU-I jJI l_of 01 L.I :_j. jL>- Jb-f (^JL-- t >TjJ_ 
?J-~. OL__njJ — L_~ ^ j>- — julU-l • l j--* J -' j' t_jL__«Jl 

4jL_> ^J t l__e-*_l ^^JaJ 01 ^jSnj. .j^— JLl tL-pt ^jL ^i Li_JaJ aLfj 
i_i j yo» j_P _Jj«J ^JjI 1 g'- _,_> y-1 Jj-b-- _Ly Ji jiO j toJL>-t j 

._5 >Sfl oLlJ^_-VI ^ 
^yt t>li tjv_Jl <j>- Lit ^i -LU-ljJl O-O- jj J— a>- 

<_jli jJii _£jJ j .oLjJiJl ^jL ^i JU-I L<_f pdu j jjjT £*-*JJ 
.-JdL» jjPj I_._jf -LL-ta 0-f -i^-ljj^j ioLjLjJIS' jiSi 
J_aif j J_Jb- ^ jJ __Lp 0. !./■>■ Ji _jLJJ_I _i*>L-f jt -t_>l jJl _,__* 
.^jL_Jl JjJj ^Jl t<_ r - i -'lj-1 _JLp (,£>><_ ----- j .£__Jl 
2j**__j. £J yjJl JjJJ l_V <^jL_Jl J->-__J ol j_S c_*>L" LjJ 01 
ti. j_Ci *>L _tL_v-t ol j__Jl oJ_$j *ijyA\ JjSf1 -tL>_-Vl .iUuj 
LjjJJ ^Jl t(Hagfish) OU-J-Jl -_£___: _____j L jt t"ily_l -_s...,..t-?' 
lji>-t j .(ji-jl __ y t__ "LljJl -jL__« _"1 _i j»j . Jaii o-b-1 j oLi 
c_1 jJ c_*>L" Ljj.jJ t_jLjLL_l L-jjPj t-j"l_b- j_"Vl JLw^l ,i 

.Lii. 

-JljJl __L___Sfl J| -_*~- _^_1 ^jjL" LJ LU-IjJI L_f 0t Lj{j JiJ 
Lot j r *>LJl J_-b _ j>- jil .____-Jl 0t 1 /JJL ^jJjLl ^j . JjVl 

• -J-k f -~>t jL' «J 
V L->U- _jL»_. LJ tAj y_iJl L^Li-1 (_5~-*-j (^l ti-^U-pyi 0 jj- 01 
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0 jS^-j t yJLll A-«iJ iSJi JLSIjj ^p-t (_jUaP-t ^ L*ly jt 

0-L* j-ojj iJJ>l j**iJ\ ^y* aJLJLwj iiJLjjW oJU>-lj o yt-i ^y* 

oJjJl jJaP ^j (iJLi-ljJl Ljil ^ CLjLj oL4L> j--.An.il 
b">LLl j> ^ljjty oJLA ^ LijJb>- ^LJl tij*j Jjj , *jLwVl 
LjjjJ ^j-J oUI ^ Jkai ^jwiJ Lfc jJj*- j Jij ^>-l C->Li jiji ^ 

Ujlj jlaJ .(j-jjj LjjjJ ^^J oLilj-s- ^ Uiji Lclj JjJ Lk* <.L^P-f 
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0 J V ijj Jl 'u—^- 1 J-AiN ^ oli^iJl ^jjl t{ ^— JLT oli jii£ ^ 
cu!Lf Aj^cjJl «Jl* Jil .«Uas^ jt ^-tj ^ Vj u^Wj iJ 
.4— -J"' LijLapt j^>'< 01 (^jls»- JJ Ljji5U?jj ^ ji»Jj y*r y 
ijji i jA> c-jUat lili .L*Js> tbJL^- ^ J>«— • ^iS" l-i* 01 
^J a-U-IjJI Oity 0L» t(Pax2) 2 ^^L. j L-»- jli jl tOLJl 

jJLjj tO^S/l 4jtlai4 ^ JaJLi 2 (j-JL. UiT jj •£t ?w9 J^""* J > J^-"*'- J ' 

0iVl jj^" ^ J jj-JJ ^iJA J^LiJl ^ SlJL-i. ^IpUj" tju 4jt 
4jt Jj>«^ 4JIJ0 jtsl oLil ^ (jyi-l IJl* L>«j liLi .4-J>-IjJ| 
.iJjJl j i,^p ^ Ij y» « Jl^i-j Ljl t^^«jJJ jjiil (j^j t^l Jl ^ Ja-iJ 
tllLi ^Lo-^l *LaPl j t jl jjJLi j»uiu ^JJl tJ-»Jl 01 .Uajt 4., ./a»ll 
.J jLi-4 ^tjjLT ^gip JJ^ IJiaj :4S" jLi-4 cjL-j>t L\! t jLwVl ^ 

Oli^ll j 0 j-sJl J j-^l j j»*Jl J^JlS 

Jj LiL» oLUuS"! gjJJl (6 ^L. jj-l JU-I ^ L5" LLf 
^jjjv«Jlj i^Jj\ jJrl jj* (jy'iVl ^ 2 (j-^L; 01» 1O j-JL. ajb*>Ip 
2 ^r^L; juJrl Oy 4jLa JL* ot tS^ijbjJJ jjiil ^ j . |V J.,,Jl jjWtII 
.|jj>r ^Ji £j jL OLS" jLiJ LLS" Lj <jyjl j 0iV> 01 ^ jii" 16 (j-J^.j 
«Ju» j>«Jl Ji- 3 ^* .Uluai Jl 4jjJU-aJl _^>«-Jl JjjL* J-*--^ L*j 
^iL; jP ,_iii»J ^j tl jn « 11 1^. .^ LJljwt ^ (jv?-L,..,-.Ll lijyu> 
(jjpty «Jl* .Ljp^jjdjj-^jj. jtSl tL»}jjJ oV i j>«jl JjJL» £j jjt 
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(J? J*~^ <-! Ji*^' J ■ J**?^ (Ji*^* (^s^ JT-^J 3 t_J jij ^jP 0 jLp 

40 jiJl ^j-» J^->> t JajL» J^JL; Li j^aJ igjLiw* Ju~i-I ^Ip 

. Lj jj j>- jilS" 3 : .,/»c- > ,,'Cl jJ 

c->L£J JLai :2 ^jS^. jl t6 (j-^L oLu>- y>v^ Jp^* ,_r^ 
t^jJLuail Jj-U» dL?r ^ ^jSsJ j .CjL-JtI oJL* jJUo jl Ji 

— U5" —6 ^jS^j ij-J J^-~! lS-LM Oy^' .*>L&JL. I jj <_£jj 

^-TLj 6 ^L ^ ^ JS" ^-SjJ LjJ ^dl tft l „ . a > a l l ^ J, 

2 (j-^^.j 6 (j-^Lj c->Lu>- j-« AjJ'"^. J-^ri 0v*^ 01 (^t .2 

.C-iLil jJ-l (^jJ j>/ jil 

Lb-I j Lv>r Jii tLJliTj LupI j^o^' ^Jl iLJjJl oLJrl 01 
jl ?cJJj liL. j 4 jSCjL' Uj . j>Jl Jj-LiS' yl-tJl cjIS jJUJJ 
^ LaIjJ tLil L-Lc-LJ 4 jyJl j ji^l c->L->- (ju 4j:JLlJl S-LaJl 

JS" ^jIp jjjJ ĕiV jJl c->U jJuJ $ss- : j»L>Vl eJL* Lg i..t.-„..Al obLp 

AJlJu CjU jJU^C. SiyojJl LlLaJ ^-LSdiJl LjJLS" aJL* j .joty j jyJl j-* 

.£^Ul j^JlJjJuiS" 



^ oLiuUJl JjM j\ f M ksj>\^\ JjlJI ^ ^j^il J 01 
eJ>->cJ«t j C-P jlaJ L»Jjj£ cOt»Url ^l J*>L>- t^jvaJl 0 jjJl 
J-o-Jl j a jLJ^I j& \ J-ju Jjjj j^ 5jj-^> ^ ^^s»*^' ^ij^ r*^' 

ol j>i-l jiSl <_^Jl?-I cJ15" cvJl?»i1I oLp j-*j*r ^ (j-Jl jSJl ^jJ^- 
JS" ^JIj jl5" .JjJrl a^p j~-Vl (^jlj-*j jj** 1 *- (^s* ^ ^jj. LpLkil 
-Ujj .^» : .Ml ^cj jUl J j>- L 4jj« 4^*1 jj ^J-iLl Sojjo ^ J^-J 
0 j-iiL» 0 j-»-<^--ll 015" — jJUu. jv)Us> ol i o.iLS' L» ULp ^l — »j jJI 

^«Vl jLT tLiL>-l j .L>_>- j I ^l iiJJj ^^Ssj ji .4J__j SJaiJ ^ jjs _J.I 
J-Ull jpjll OJl>__l 0 j^j 0->u. il_>«_' j-Lj aIS" 

J _po o^ljJrl sJl* ojIS" (. jL>-Vl jjiT ^ j .j__J.I ^^-J Jl 
aJI jjjVl oULi^l j t jU_>-VI j .a»JLj iiJL. ^-Ls^ oL_JL>- Jl 
^jIp aj jL_J| ^lJityj «j^J>l oL__J-l t_JL>- Jl tO-.Ls jCJi ^JLiJ 

otjjJJ £-__J -Ai^J.1 or-LS^t oLpUJI ^ -o-S" L*j 
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Lg^Jaiij ^LLsrSn 3,o ,. T ^Jlp — ^a : :„^:tl j ji j*j . cj L^-LyaJ l J y- 
jt V .tLs-ty pJLc- 3^JLa-4 JL^. ^ JajL*J ^;--^" ialaii Jt 

^j» ^ j-^s j> ^jp jILaL c 4-ji jJl Lj L>ij 3jL/j jtSTt Ip j^Is j> Jp>*j I 
c^LpLjJI oLSLJL SjL^s^I Jl j>*LJu> j IjLS%LJp :>jij jt J^isJJ 
j j£i jt^SO:. V «JjJLs- } jl >( ^.l jS"^ jiiT jlJiij 

. I Ju>L» I J^- ^jJ jjui^» I jjl5" jl <_£ jt j VI ^t *j ^>t^Jl ^ j . L* LcJ">L 
^t -b-t J j^- j jiiL>o I jJlS" j^^J j ccJ jil dJi ^i j-«Vl Jj-it (I 
^^j.-uSJ cSU-l 4J.I4J jJ-jV->jj .^S^LsJyijJLp^^Liil 
jt cS^Lw jL*Jl — 3jiJj>Jl oL» jl>«-JJ LJjLL» <JlS J jv»I ^i 
jj jkJ Jl jJJi Li^L» JuiJ . (j\ 

^Jioji-l Sjjl (Jj jjs ^jp j 5 ?-^ cLL*Jl U ^«.«.«j oLjJj 

jLtil ^jS ^j^-j d jla>- j-L)^l ^jji* £r*"t i-iJS' 

L*L-t jijj 4-iiLiL- ^JJl c^ jjjji.ll jl .(iLJl ^i Ijj ji-ii^l oL jji 

JjJU-- c4ogfli LjLPj .<_jb£Jl IjL* 4Jp ^Lj ^jJl tjWulI 

.LU-b ^-L" ^l cLjj^JJl j c jlJuJJl j c JLw-^I 
tju — 4.».j, ; .lall Jy\ y j£- — Lb~ 4 ft ,k»ll jl5o jJ J.,„ai:tl IjL* jl 
SoJLjS' jlSsit J_£ c4ia,,.,>. Jl oLlJlJl j^i .4>jj JS" L»l y ^Lt ^i 
tiJJb. • t _/*^ jL*it jt cj» ja^Jl aS" jJ^S" c,j>«J jjapt IjjJ jJ 
jt Lv*j>- LJ (j>o: I ,S. : a->- l-L>-l j L jjli ^£ jlsLit jt ^Ss. c^j jJl 
.4j lr-U«. jJL-o jt Jl iS^y. \-^r ^ j^LSJl IJL* jl .4Jp Jjki 

coUL>»i-J,l jJLp ^ 4jj«jij J^J 4jIJj 2Jaij cdJJi j«-Pj 
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,4jIjjJ|j AjjjJaiJl L>-jJ j~J'j 

v* J 5 ^ ^ «v* J^» °i 

.tLI Je> jVl 4*rj 
JS" dJJJLS" j tOL^ jJ jj jl jjj aJ ^iJjLs- ^ Aii^ j^-i JS" OJ 
j» 3-iiJl jJJ Jj .kiJjL>- ^ Ljilj (j* 1 j* aSCa— ' jl t jJLuJLwj cjJ» 
jS^Jj LjpI j^-I ll ^Jl i J >JI jt t ^i...;7. M yi JjuL nlJJi 
:Aij jtSl JSCio 4^>w= jJ (_JxJ j .LJLi Ula j jJLSJl Jlj V tO^I ^ 

Aiu^aJl 0 JL* 01 . Aj jjS[I aJ| j jjl ClLa jjjj.1 ,jA*J jJ> LtJ t-j^ii JS" 

LJ ^o^-Jj cAjIjjJJ AjjjJ-I oLJ^I ^yj*- J-^J 4-L Jaj. ĕjj.Sfl jJL£ 
. J*ij ^Jl Ai^jL» J-LJ V ^dl tLjC^JLS' oLJLS' JLe l < 5..Vi7. 
:aJLj>- JSCj ^J-^j j-*> L*j .aj ji j J jjb j jjLSJl IJL* jIjjuI jl 
Ut .aJIjjJI LJIjToL.jJLv4 jP jt LJLiTjP 0 jJjji> ajjJLS' Lju*j>- 

l)IjJu*1« <J»jJl JJ .La^J LiiUa* J ^uSsJj '<_jjj ^t j» jJb»l« 

jJj»JI j» JkoJl IJL* 01 .dLJljj ULSCaj .L^LiTj^. ij^Jj" 

LjL5s»Li jl ^g>- cl-L>- JU>- JSsJLj j»Jj lJL*j . I ; , , -i jJL>*j o*>L>JmJl 

jI yty ,j* ^j oLup Jl>-L aL'L«JI i_ .„i ^J jt 

•§' -Ji* iy r-v (• l^ 'lt^ a*> i ^ki- jjjt j^- 

Jsi ^ (j--*_i JS" jyj iiiJb-J AjI jiJl <_$J_» J>- :lla,,>.; Lj C-JaPl j 
L JUj^I J CjjJUiJl lLL* j^P c-LjT t_i> yj jt clJL5sj:. l _i-S' . A* yJl 

?« jjLtJl jJrl jP)) lj^r>- jiJJl cdJj.jjj ^Upt j 
iSLsr jJ j-j aJ^ a^L^. j>J c JjL-Jl IJL* jP AjL>-^I J>-t ja 
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^jjljj .«LJsj-uiil LJjLp l j>y£> 443 jLi>-V "*jL _Js LJajJj LijjS\jL" i jikJ 
jJb*Jl AjjLS" ii jc* jl .^>r jJ jJl Lj jjLL jjSsiJl (j-* ^JVI oJL* 
£. jJb*Jl jV S^jJ jJl ^jjLJl jt^ii (^L-i ^.i JjJbtJl £4 Jl 

. <u^j LuSCc L^jt* L»J jj i3 jo jl ^s, (Jj-btJl 
Oi>- ^l V jbL?r jL>- jj tLjal jlil VLt. JL?-LJ 

Uslk. LaJl «dapi t^i^ o yiJs £>> jJ j L^JLjj Js-I . Jlilsl L«-$jjJ j 
4jLI jy: .ib jliii oi ^l ^jj^j '(jJ^I l-L* j;S\j <J j-«j>-l 

ji ^Uail ^uVl diii Lv^r ^jJ ^wu.j caJLj.S yUaJl 

C-^^L» o Jl^ <J cJLaj- tLj.S'1 jA Jli-I ji ^ jjl t j^l . jiJU^Jl 
^,.,^..j t jLJl J-Jrl Jl o yiJaJl oJL* jji L.-LP o jjjT <>JJ <J 

j>JJj tjyL^ <J ja>-\ <Jiu\ (»->}jjJ I^J-i-. Lwjt jLilaVl 

t Jlils^l *VjA Jj-I jl J^" .Jj-I j JLT J^ Jl £iL" jyS 
L.-LP . JL*if jLaJ^ j*"*" -C5 j>~\ ~ a j*^> t jU-**Vl (ji-^l jLb-i 
(t-$jjJ j jSw< jt-j-*r«->- jLils>Vl jL» t jLJl J~»JJ o jiUW oJL* jy? 
jyLuaJl ji ^j-ty ^Uail .Ju^l J H-JJ JUajII jLLjJl y^l 
(BoZo) J JJJ j-» ! JL-J L.-LPJ .Ijj SJ J»l 9jJ^S\Jl ^JjJl J t<t— jL 

jJL^Sfl jjJol-l ^LL-I ^LL-I ja Jb-lj JS" jP jJUi-J jJJ.L* ?UL* 

JjJjcJI ^...^Jl (i jJb^Jl jl .IJbr i>L* iiaij jLtil Uijfc ^-s^jj 
U^-b»»J jl LuSCc.j tt_— J 5 ^j>wi jl tSJjLc- 5 ^^.-i (^-j jt ^s. 
~*s- j-oj^jS" .jALw» JSs-iu aJp i-j ytJl LuSCj: L*J jJ LjJ jl .cjLi«aJL; 
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•L^- ikl* ' 



C.ISL* JLs a^Ij^^I 3 _^>«_i (1)1 cA^j^Jl ^jJl aJL>-I^i» 

jl .Oj^aJ.1 LjJLo-^ J"}L>- ^j* 1 1-3 yCj ^i-l (j-W» CjLc- 
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oL^Jl J> AJ jSsJ jl J j) ^ I JjJj^ jjJJl Ij^- JJ L 4P y*£; 

jjliil t jLL^I ^ j}\ jyUl IJla UJ oSj .^jLsaII L ijuVl V| 

^^J.LS' JL>- Ajt> iaS I jJ-j jl 

jJjLOj 01 ^^Jy t JjJjcJI jJL>dil c, lII Ja-<Jl IJL* 01 

.Lg-LP (^l iJjv>-l 0f Ojo jy>- _/$!' ^JjLp S j*Ji> ^ J> 01 > 
Ajji of <J J <— *j-* tj^^u <ikii JL^-L <lL> ii Jr jjyjJ OLS" ISIj 
^jJ «.^jj* 2Pj-<^r <J > ^J+^J ■ J^ £ A* J^ 

t(J j>-f 3p JL>d*»< 3p j-oj>JsI oJi-* J>-Lj j> f-Lij '(jLJjj j**» 
tJ,L5j^Jl ycjjl - oL^Jl of jj* L* ^Ltillj . ( jjJl5Lj'l j£\ 
^Js- i_J9 liLCi? - Aj^ll 0 jjJ>Jl ^JLaJlj t jyLaJl ji tJJ^Ij 

^ jl tiiii>J.I oLp ja>>1I ^jip kiJJLJj Lljll oJl*j .cjLp j^j>J>I 

■O^t Cf c aJLJ-I oJl* 
t^JJ-l ol yiJaJl - V^ ^j*- (^LJl •iijy-J 1 LL* JjUi-"! 

j^jT i ...J jjj jj Ojjdj i—* j-"J — L^J j* j~> (__<J' t^jJ-Jrl CjIjJcJIj 

JjJbcJl i_, Jl ^ jJj»*Jl OLS" 131 j . 4*>r jJj?! ol <>■■-■! oJjJj^ 
.^-Lj^I LvJ" J ^ j^jS jJ L\! LMjLp jL>«-if 0L» t jSsJJl IJL$j ^jj 
o _/^-i *L ^jip Li JpL-j 01 j^-t LgJl 4>rj:> ,jl 4j ji 2juI>-I oJL*j 
<_jL*jVI (VjLJ^« iS j> LjT h....->Jj JLJrl cjLjLJI ^ SJjLJI 
jiSl -£-Jlj jj* L5" jJl Jo} 01 .LJL- A^JliJl SJbJjJl \^\ 
0f jSo: <L'L*Jl jL>^if t L S jLpI 01 . Ja..-.ll ^e>\ p^\ LJLt. ^ \ JLiu" 
cJli' lil jl ^ ol ^ oL^Jl oLU lil tliLi 0^>j 
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<dS" l-U jju. : j^e- (^aU-l J.,ni\\ 



CJLS' I il jt ia jAL. _~— J 1 ^Jl coLJrl j 2u^Jl jy Ai%Jl 

(^L*_Jl ^ oIjJlJ <>t : :;^' _jL_J j '^ljj ^LI LJ ^j-J _jL_JI 
jJbJl Jai jt SoJrl jL^Vl 0| >Vl ^>j>Jl jt 
(OlJJUJl uJUb As^j^ SjLp i»JjJj£ (j^. Cj^jJUiJI S- '" ; Jl ^ 

• l-ri ^iji-^l J 'J^-M <y* ^i 5 !*-— J' A^is^lS" 
jiTjj J-LP ^J-I L . , .. , i cJLSyj Jj* ?L— J ^JUjI» jjt j^Jj 

jJ-j ?jyj-i Jl j> -jj Jjl J^P j^jj-J <Jiji J*j ?jJ->Lr 
jJliaj^l ^l t(jwl ^Ty I -5 j^Jl J— ^-*J J^ • L*j LWLpI I y>\ 
^JI c_ jJl Jb j Jl J-t^j-J jt ft ?J j^l jLJ^I ^ liL j ?(jJL_Jl 
^ jl ^Js- j jJLa~* £y*-^r\ Oj ?JjjJ L j i3j_j jLL» 3^8 La j-o-c- ^jL 

^Jl iJU^Ujji^ JdJ^j&j t ^l ^ L Sj_ij Jl J_C 

IJLSC* j_c.j t 4j:jiJl _jI ji>«Jl Jjj Jj J~c i.....; jlS" jl 
CjIj-— i ^jjli j c JJ-Jl ^JLii jl L1p _->- jT^.^t '(^*r jJ j-Jl L jjLs 
oLJ-l £j jjt ^jip toLLSCJJ Ll j-1p LjjjJ j j^j jt j> ^Jj .iSJj 

<t__J <J*>LJl ^jS jj ^^JaJ jt dLU- tiLJsjty * j^JJ (.J^ U***^" 
J^«-Jl jj" Ol t^il jJl ^ .^jor ^l <jy Uly ^l cO^LpJjuJI 
.LsjJ LIjJLp j j£j Vt i__»o <J_' (^r jijJrl 
LjT LLf .£j~-l jj>__Jl oLSja SJjJL> CjULJsI jfl k" ot _~>«j j 
i_ r 5' jJ Oj^J cSJLj— Jl o ^>_i ^ Jj>o Aj jUU JL^jJl C-jJj- Lit 
.^jJl ^ J L jljj. LS j 5LJ-I ^ 3JL5UJI 5 yr.-i 
oLi ji>J.L! LdL? <— -s^" y ^J^i ^L^-^I tLip Ju«j t-iJS' Ai yJ. 
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^Jl c jl jJ-l 4JL_b- Jl _j*Jj c_J jj~Jl j_Uj jt ^ U ju V nj 

.^LSOl li* ^ J jSfl J~aiJl ^ L*Ljj 

01 jJ-l OjJ*- ^ ( J iL»-j 

^ J_*__J j . LLL*> LjI j LiT LJl jJLp ajl^JI oJL^j JSsJLii ^ Ll»I__w>J jl 
L_.U_>-I y jl ^.lpI ^-1 tlJL>- ^U- JjS.^jS jJLp» --J-T La 
j±H\ oLljJ-l jUpVI uyu JL^S/I £. JLSlsJl* 

_;_-*; . jSnJI IJL* ^jip _j_>- jj ^j-»- jt C-c-_Jj C jJ-JJ (_jJI 
Ll ^UaJ _JLa . J*j»J V <_£ J it-~_S'l j-J J**^. -J _f^> ^>\j\ Ji^-\ 

^ jjj '-~^lj c jLjpj c jLijl LiJJLs .jILjJI 4-jLj 4j iJjLjui 
^j .jUj jt J^jt i*^ Lj.jJ ^j .J*rjS/l(j-£jjj c£\j-Sfl 

.Lv_jt oljLUl LjjJ 
.5LJ-I JlSCit SJLj L-jjs Ijji Lj^j jl jJ-l 3jLj_>- ^ 2jfcjj jl 

5jL ^laJL tL?- 6 ^! (j_« jjS < i> ./?" Lil_C»L <*jt Ljj_jj i*SIjJI ^ij 

-Jjut -j*>_* JL>-_J Vjt .(jy^ j4^\ -Jt-L-u (j> Ljj LSsjC (^Jl iL$_-_L 
n_u>L__JL) 2Jj j_» 4_Jli ____>_ jt dJ-iCj: .-.>.Wall S-jJJL I_lJ .SJJ-S' 
jjl jiJl j t-_-_J_J-l _JJ_I j _ y-jJLT _3,,Wall SjjJl L^j _jjLi_j ^__l 
jJJ fL^\ JuJbJl Jl AiU»l __a__*JI j 2J A) '£-U^ 

4_JLSJl (jSnJ j c JuSlJL <ui -_>- jt _JL* . LSj^Is (^s oLL>_LJl _1p o 
_j_i_pj t2_ijj tj^jl ji 'Lu.jL oLi>_LJl _Jj__J cJli .t>Lii juist 
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i]S \1a ^jj^ : jLe- ^iU-l J~— ill 



^jmJ t^jJaiJl iLjJl ^ja j ciiu^.a:!! ^JLp^SOj j^f «.Li^ SiLJsl 
jjj L^jL* toLi>JLJl SjJ jiJ i.,:lLi Ll .4jJj>- j-Lp jl jj— i oLbJ_JJ 
j^l Lpo .^JaiJl cjjJL! *l >il 01 UT 5L4>J^JJ Sj^ 

tdJj y^Ai Je UL* JlSC Jljj L .2JL y^l .-L-^l j*. J- 
. SLbJ—Jl i. y t tl 4JJ 15 ^ jvai\ oLsi «ujJl 4j>- jl 4jjli ^jSsJ j 

i(ju'I jj) JM Jj\ ijuj LjJj 4 jLjP i]L^SU tdJJ JLU ^ L5J> 
-i]L_JVl jiiij" .J^rji ji ^ji^" u-Jj t_ij"LpjJ-' jJJ l$_CJj 
LjJ i]jLiiJ ^Jl t^jJJl jJ-Jlj jj«_Jl j>-\ oL» Jj ziLjs^L 

.^JaSll ^jjJl cJl 
^ k^jj\ ^jJl ujLl*--' jJLj 4jLi _jLu_Jl ULgj JL>-I lil 

^jp 51 jj>J>l aJJt\ cjLp j-ojJ.Ij t4jJ jJJ cjLp j^j>J| j tCjLp j_j>J| 
^i^^LJlj tJL_JVl jl -0i>- jJ.1 jL.^o jJs t __J-'.a js>-Vl sJu* 
t^jjjjJl : Lfr..._Li CjLo.,.JL Lu.«j>- iljLiJ tj^iJlj t4jJai!l «LjJlj 
jL-J^lj t4,,WSll 3-jjJlj t_i>-!>LJJ .Lijjpj t(jJ^Vlj tjj^-Jlj 

o.i j?- jjt C- .«J tLjajl i_*l jJslj vL5j L^J-J^jSsJj t LjJ»„>o.->- CjljJ>l sJlA 
ulik./>l j_1 4Pj_j£ jLJ^I j tAJai.il Juj Jl JS^_J . JL_JVl 

.4., >.ltl jw_Jl j jjtuJJ AiLjsl cLg-w-aj Lljil Lr^<>j>- LJL_pV 
. jl jjsU ajLJb- ^ LiAjj .iLuj _i jjj ^aL^ j ^ jj.1 jLi LJ *>JjL 

SJjLJl ^ jJj»J| cjLp j_->Jl Jai (j^-^P ttjyr JL. ^ii 
j j5"jLiu tp-Ji' tjyr jJ>l Jlii 'Vl jl VUJ' 5j>tiJl CJLS" j t JjJjJI 
jmj j»-^jjJ (j-J Jlii >\ Lfi* J jS"jLij V oLLaJl ^ 3p j-_>_c. 



i_l_-b iSL__Jl 
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uu\ ^Ju* jjJJI jLi_»Vl :>.ak:« jJuj IjL* .jyL-Jl (^j i_j_Vl 
c_j jJLty jJa-ij .oJUSCJl uyr jjip^l J-L| jj- IjjjLmS j-»__>J 
(01 jJ-l 3jLj_- ^ji L__jj J">L>- L$i_L_u ^il (oLp j__>-ll ^jLp Ajli 
^ (CjJL>-I (_j_L_j. LTj__o 01 _-_>*J ^JaJLil t_jjjlj 0L_J^I 01 
oL>J_Jl 01 j?_Jl IJ_*j . i_j_>-*>L_Jl jv« «b 0 j_^j_-o (_£jUl 

. jjVi jjji ^ j^ tjj^ ^j^t j jVi 

(^LjtSL! SjjLJI o js^i jyL_J ^ L_* «L-~j ^Jl «LJaiJl 01 
(jpl J- LJa«j ____Jl UL* 01 .L(j_jl J> Jai (Jjjl 1L>- ^Jjj 0jL*j jl 
.01 jf^~l 2_yJ_-' ^ Ll_jj t jjs ^ ciLjL-C^jJLT CjUI_»».7i.. « j_ i..aTl 
^Jl (oLljJ-l jj. L__L_>-t j _JL__-Sfl uy *Jlj J___- j ctLJLSsiJl 01 
jj_ J_n_-j. L~L 0 j->o 0t oVL__«-l jj-CJ j (5__jLJI ^jIp ^__f 
oUU__-_. jIL-J jSCjT V .L___J^ ^j.L Lg^i j_Tt Ljjl .IJbr JL*j ja\ 
L« :3_u J_Jl o-Ljj Lf}j ^SCi . « ^jiLJl )) ( _J____'I <_t lJL>t ^Jy ot JjLp 
aJI jJLp ĕjyL» j^p (^g-J^t Lit L_lj ( J, LL ?■>- Ijl>- i_j_JL_Tt 01 JL__>-I 
L. 01 .L. jJ_v. OjSCj jISC. JL__-I 11* 01 ?_ r 5' jSJl IjL* JU- 

Ja-Jl ,j_-«J — ĕj>__l «J_* ^ <jJ ji-Ll _r"_Jl ^_wo_>- 01 jj* <jL__Si 01 
^ J, f.L yt j^j* - LJU-jI ^ »t (Ll j_J)jj ^ »t (jwaJl OjT-iil cJ-T 01 
Jg *-« (J? jjJl p frJ_-->- (Jl Ja-JL (_JJj _i> ^pt pt ^J&S. oL>-jJu 
L: .^L^l oJL* jtjl ^Jrl ol j-_i- ^ «UJL>____,I aJLJ-I oL_L_I jj. JUJL_Jl 

"■_ j*~^3 < "^ u . cy (j-^ S j^ 1 (*-* (jr^^ - " l/** 1 l_> jL- 

E-^ . s . * . 

^cjjLj (^JsL. ^J-p i~~xlj oJiL 0 jS\j__ a ^>«__Jl oJu* 01 .Lji jS\ 
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iK I JL* : j±s- J„n.ll 



^ JL>_-J 01 j_C<:_ ^V oLLJaJ L$J j ajT U_T .^Lc 

<-» J l/^ j-*^ AjLms^U j^j^J.L» j«-fr-J ifl >>--Ji -i* 
_jy oL»j>L-Jl (_-«->-j L-UP ^pi^a Ajli j^SHj . ^o.i », -> - A^ jJjri 

. L$j~«_>J ^ L_xj: ^Jl t j j^^l ^ (j-o^J aj-* 5JjL*]I 3 >>__i 5j5 jl 
jtsl j ^jluJi t jiSl aS" JLL^ ^jsjL&j- Lo JL>- LoiS" LjI ja a-U ^lj ^glpj 
j*J-\ j t LMJ-I ^ oL— ojji> UlS" ^iit . ^UJl jLU^I £, UUJI 
^U->-t ^ Ljj»-_>->- >>- { _'l oLbj^lj tA>«__jS[lj t- r - t S'lj ; Jlj 'c£jj-Jl 
.L_~>jj J*>U- aLo-o>- _£-Ul J\r,,/i'\\ j^pJu* i— i j_x LgJli toLil jJ~\ a-L- 

_$_---' V olt^ ,iL>__Li I '"I a_: ^Ja?-JJ jt L_XJ_ ( j__C*Jlj 

t^-Ul j_j 3_f j__il oU_-Jl JoJoJl -JU- 015" jl Ajt (j\ .UUj 
4j jj_j <_S >Jl UjLUl Oli .^^JaiJl oJJl ^ Uj_4 jt ^ V _JL_J_ I j 
j j£ ^JI t_-/_ U-l ^j . c > o^Ulj Ajo-I ^ 

jj>- p. : ,.a:l S-JUi?-^! ol j-> _"l (j> blc- jJaj tLa_«lp JJ--I LjJ 
^Jl tCJ^Li-l j .(^Lc a J j*_i ^ CjLJ j_l p_pJu ^ill tO-UaJl 

__, A-aJli <U j3 Ajl ^jip t^—Jl __-Jj_l AjLU» ^Sj <.Jo yaS- LgJ jj5\j 

•9 . L__Jai y jl L_jL_J jl Ll LdU>o ___-_>■ 1 > J_4 ___» 
-s! jt - jl5" ^ ^ 5 ." —,_J>J_ (^ iJ^r aj ji ol.,:.,^:Jl ^Jiuu jl 
L. t(_gJ---Jl i_jjJlj tiLib-jUJlj t a£k o ,,Jl : « j> _:./?" ^Aiaj .AJa__L>- UJL«j 

'2 A-^-jj^-jJl Lljil ^o-j-j tol___Ll oLl* ^j^» o U ) ^jp-L» j^iJlj 

. ^ 
jLWl jl .oLilj^l 8-L- a^^-jJLj j LjAjl-l a^ jJ j t -_i j tU^ij 



jJUU-b iSL-Jl 
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J jL>«J wbu ^Ji ilJ->- <^ ji JSC-iu f jpJ-* LjJ jLJ^I Jl aS\ o , „Jl 
CjCy o ^ ^jy-^- 3 £ tlijb A-it dJJJL ^L-iH jV ^aJp 5jjt jdJ 

J*a^ lJ» j-*> .^>- jJ j-Jl LJLil 2~~JL> jL* ^-.^1 J .3-j iUi-l Aj ^Jkaj 

o ja JS" ^ t^SU JJy dX> oJjsLto. ^ L$j"Ij 5^3 jaS\ js> 
<_£ ji JJj jL>*jI J jLs^ 1«.;.; tLjj 1 aJI''" ^l cj^jLJI 

.cjLi*>l*Jl oJ-J ,_/aiL« 
LSCj: u-Atj' .v_jLkJI aj L>_uil (^JJl t^Jj>dJJ jj*i jt j^l LSCj: 
t jLjVl j>\f- JL« cJL cjLI j->- Ai*>LJl c-..^ jj wL*j jt 

3j"}LJl ^ji jJ ^jC- <JL«>t*i^ ?3_jJ>- cjLI j-j>- cjL>-j ^L__>-Ij 
J--C 4>-j_ j^jjiJ j»j i JJjJl oj j>- j«L*jj t^j-uLaii-l ^iwaj jj t JjJjJI 
JJl1_C j^l Ll jA t( J__jil yH\ jl Jji>-Vl _L>-J. g* LLLwlj" 

cjI jy_£ j cjLij-*>L>-I ^Ij>__*L j$}\ J_J__Jl IJL* ^jAstjb oljjt 

^Jl tlg.-ai JJLxJL ^L_JJ iojjJjOl c£jjJl ^Ja-J-l 3l„J„»i ^jas^i 

Jl Jj-^. jJl j"Vl LSCj; . jl jJ-l 3ijj>- j j!>L>- L$j 

_jL_>J j_C [£ j jt LSCc.j . J.LJI J j>- oJjJs- _^LL>_i__« ^il j^ 
. LLL- LJ___,I L* J__it JSCij ^^j^JaJl 1.LJ1 ^ 
j~_p <ui _ j>- j t j£iL*jI J-_-_Jl ^j^- j J jVl J----'l •L* Ljs JjJ 
jLjVl y.Lc- Ji__ cJL cjL* jJ_- j toJL* LuLit ^ S^- oli jli- 

.JLwVl U\^i\ ^l jJ^Ij t^J-i ^L-V ( J '^-^ 1 ^ 1 ^ 1 " 
LSCj: -JjJjcJI 5j">LJl ^ jJ>Jl Jk«J Li ^ -t ^>JL^ - j^lj 
3jL J>- • JjwJl j ^ j^l L^il .aJjT jJJi ^ UJ jl 
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.LjLp £J.LJ j^l CJ jJl jL>- JLil t jljj-l 
.<_£ ./»-^1 ,ji _p-_^l j> ap y^J..cJ%^> L«Lort J^ oi UjIj JiJ 

<UJL> LjJi*jj t _/*-J' <Ji-^ _>* ^jrl ^JT^I ^/"J 

.aJjLipI ^J>l y:. J «Jiaj .iJLJVl ^ lS t jlJbjJl 

oLil jJ-l Ljjj ^r*-Vl olil jj-l JS" ^ a.ijsr j* LL £ljsrt jl 
JS" ^ L.UaJ iJL* jl J-Jt-I .LJ <U»JLj aJby (j ^-Vl 

^j* ^y^a^sJ V '(J>J_Jl tJ^-J"! cT* ^L-Jl Oli» .Lfl Jj oJla 

t<U«ij (jJaill ^Jj I _-*~o >r <V_jjlilJlj tA-^jdJl ol «.,,11 

.LiU L^T _/$J»' (jJjJ 
^JuTciij y j <_jLSnJI ^ ULL». L__lp LjJ_£ ^l tUjll ^jAju Jjt_J 

Ljjl 

jL aW,,-,!! (S ^-Vl oLil jJ-l JS" _jl_j_ _,>_ 

c.L^Vl ap j_>_»-il oJL* ^1,.^-J .U^LU JbJuJl j-. Li jfO I, U-->- LJ 
oLj yuoi Jrl Jl ^JjL-^I J^" J jLj^ ^r*- j .«LjJ-l aJUJP 

.(^jJL«-iJl Jl Vj-_»j _^»-J' Ji- 1 -^ _y (placozoans) 
J___>- LjjjJ L£>L>-I « Jb Jp oU jj-l aJu. j-« <Lp y «Ip j-i_<7 JLj- 
^o. ■■»> _ . . (_jor.j jL*oj '£_!■* J "*-*-*j '* t"L»JJL» <ui tLjJL-_>- <u*ij 
^^jjij ^l t(Bilateria) —* JJl «Lj— ' «*Pj-<^>>J>I »J-* Ji^u-cJl tLjp 
^ oUljJ-l JS" j n ^j .(ji-jJrl ^^jIp <UjLJ| oLiljJ-l 

.jdJl Jl _jI jcJ-l 
(_£JL-^- JaJaii LjJ ^l tl/^U oJjJp oUljJ-l «JL* c_JL>- Jl 
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kS- j» 4P j_jf _J_A t(j>Cj jL_JJ '£_^J '* J*"jV* J ^--L c L-.lt* 

oljjLliJL) oli jJL>_vl oJLa jJL__J .3j ^Js» ^JaPj j*j>rL_>- LjjjJ ^>-t 
.L-jt flJitj Jyt LjjJJ <_S ks ji j__r _jLaj t(Vertebrates) 
^l c->Lil j_4-l (5? t(tetrapods) »-»1 ^J»Vl ^Li^ j-«-»<Jl p-_J 

. i_>l _J*t A*j jt L$jjJ 
___j£ L$J ^l <.Vyd-\ sJlOp oLiljJ-l ILp y 4Pj->->r J 

L$jJJj t(jy».j j^-ij '£_.^*J •L~»j ca jp-jjij L»J_Lj iLLl» <_$ J— o-- 

aJ">C ^Ja^j 0-t L-jt LjjjJ tJ»lJitj Jytj cAj^^Js» f LlaPj ^L-*- 

.oLjJ-Rj oJla _JM jJi\ cjLp-Lij (t-J .oL.bi.ll 

___£ L$J ^l tLijUl-l SJuJLP oliljj-l j» -j-A j 

LjjJJj ij_J».j jL_jj '£^j 2__ i j to jp-j^j aLiJJLj c L d t » JL~>- 

toL-JajJl aJ^Ij ls J-~ j j j-t j f l-«itj Jyt j cAj ^Ji» («UaP j ^L_>- 
a JUb jJL-J . L-jt a ijcol j (bipedal gait) Lv-i ^JLp 2_ij Ljj jJ 

. j<-Jb c->Lj-_JI ^ja 3p j~j>J.I 
,<LLp c-Jj c£jJl tJJjJl Ljij jj ,j-XJt oLiLu_Jl sJLa ĕ jJi jl 
. Lg-aPJJ ^Jl ca^^j-JIj tS^^-lj -LjI j Jl oL_._Jl j> oLl» _jLa 
-Q .AyiU 4jL J_j L__ijt J^b J_Jb J £___j i_^jJl 1 J_fcj 

Js> Juu AjLIs _j__-Kj AjV i*L-J j »_sj L 4-_ot ,-j _«Jl ULa jl 

L_ oLjjJl jt-.Ljj._5 j_iJ ^l c->L__Jl Vjl iS -^ijJ' jr* <J» j»-> 

-}_ « 

*2 _)jL_J ^Jl o L _ — J l J_f tji-o- pI jJ=— j Ljjlp j»-? . l-g.«. ; .<,.-> r ^p- VI 

^ j»-. L^jLi-j" ^Jl toL__Jl _iL" ^'(_JJj^ j_ptj ._JL__,Vl Lf. 




itJLe- Syr-i 'y LfJ 0} .Jmf jt-U» J\ «•ii^tT oLJj ilJLe Sy^J, 



^ju Ujgj ( J)?r U^jj" lilj . . Uajt jldjjJl 

.IjjL-orl J^-b Li jjL* JjJjcJI «J^L-Jl jJb»cJl Uai 
,. - jltl-w-...ll ji ,^>- _Jj~4-l Js^-Jl ^ ^j^aii JaoJI ^iJLl j 

. ^ j jJu. 200 ^ J»i L* j+s- oUJa ^ ^*>L' ^L. ^k>-_j jit 
<njjt wjLL U L* ytS- ^jLj jvL*-j ^Js- ^juu ^Jl ti^jljUw-Jl ^.Jjl j 



^iLL-b a£_Jl 
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^^oJ Ljjf >»f tt>-..>.->t3 a3jLa* Lfl5" JjLLJ-I a j-* Ja .2L^ ijj^Ail 
?>»jj JS" l;;,pf j»L*I Uilj ol y jf Lu^j: L>- jJ j-j L jJL* 
>» j>cJl Jl ^JiJl jf ti^ (Carl Sagon) 0 jpL- JjlS" JlS X»} 

jjAJ Jj Lupf Jl <uL>- j J» j>eJl t yj> fju JLii .j-^jJl ^ «■> jjJLS' 

^ ^laJi oL j£if jf t—* 5 "' cyji *■ j-^ 5 Ji* i<^>- 

^JlS ^JjJ c..< jl .^j^Jl ^ JjJL^JL) jj^j L* <u-i>f jL*J_VI 
^jp j^i^JL jy>u Lj>*ii Jup t«ui4 j aJ Ll«Lu~>-I jli t _Jiu 
<jLojJ-f (j^ 1 -* 1 (j^J 'U^Sj^" ^jyj^ ^ -L>-l oUa>JJl 

c5 jJt-l iJtyjJl ^ ol jjiJl jl .oJJLJl cjLUJIj t JjljJrlj coLW>JJ 
jjLcJ jf LLM>- ^l toLjjirl ^ c..-C»Jl Ji ^cAiJl 
.Lil ^V ^L-^I £>j^< AjyiJl JjlJ^rl C-K-i ->ij .^L^^l 
J j4«Jlj cjL.LJI ^ oLJ-L j^jJI t jl jJ^U Lijj 2J ji cj?j 

^ jjjj cjjI tLjjl ja ^j jUl IJL* jl .t>L jL> «uJUJl ^Cmj" j .^.JLiJl 
. JiS.t.i....U Jt L$^i jJjj j-*j '(" j-Jl LJL>- 

^ jlb jaJJ ^tJjDl Liw>u jt 



Jai (_y^-*J jLS"j t<_^-LL»jJl j j^JJl j»->t>tj. 4>«jilLj» j cJLS' 
L jf cJ>3-* C'.^ lil LoJ jJL>tJ t Lj—Lijj LjjlL 4>-l ji-l j^-J) j-» 
•g — IJL* . J>-|jJl i aJ jjwaiJl JuL- jJl jf t<lkj j^l JL*-f CJJLi 

tJ>L$J! cJ>jjJAiJl ^ L*JJ? -<dj" ^Jl t^-JsLiil jy _Jl jjWJ 
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"US" ll* ^Jju, : jLs- (^jU-I J-aiil 



^jaJl J-*-"*" j ^ g*. Ja3 iu* ijij^J ^J-«Ji>J>l i*r*i"Jl 

jjjji (liiljTj C-J iTl jj . Jjbi-I ^j^a^-l J ( JU.*)U-I j ( j _pw*Jl (J ji 

t^k-. jJl J*jLJl <Jj jjsiwJl tSy^ j* lJb-1 j c,,„^t 0 jS^- 
oJL* 2jUJ 01 >(/ .L.Vl (^5^1 kLjl jt ijil j\\ jJl kLjl jt 
L$J jP-b ,L>Vl 01 ^ i^Ul ^JLA jJiSJj* 2j"*>LJl t I^Vl 
C5jL^ JLp ^-Ij JJj ^j .(Unhappy Triad) ^jJ-l ,^111. 

. jd-r j ^Js- ^iJ V JLwVLi .LL>-ta ^j j j-rj 

- L0*iJ ^Jl tt LiVl ^ja 3-P j^3r j j-^- jii .LjlilS" LgJ L"JL*Jj jj 
aJUb j .Lj ^iJJ - j>L>-j ^gip ^JLtj ( JL~/-/lj ( jjSsjLIIj c^ASJl 
j-jnJ ji ajLw^i ^;,/*~ SJjL^ Ji"-*" . Ll>-lJj SL4-I a ^p^Jj "u^ji»- Sj^jJ 
_jLt> <_aJjjI JLu-l .2j--LJI ^i *>L. 150 J-^j cjLcj^ jy—J i^j-rli 
^ (Ferdinand Porsche) ^Ajjj JJLpjj jj-^jJJ (Adolf Hitler) 
0 jJU-L *>L. 40 ^ii 01 ^jJNjr.-wa^ j 5 jL^- jJ .jk" 5^, (1933 ^Lc- 
o*>L'L-JLl o*>W->ljil Lijjj^ *>&-& yjjj ■ ■ i yjJl ^ Jb-ljJl 

^i .(j*rLi (j-^J ji tLub>- is-^-Jl oJl5j . J>-jJl 2jk- j^> 2_jLlVl 
jt L$j L^jC ^ill t( j ^JaJl ^gip b jJ ^JiA 2ja^- C-aJsj ^cj jL"Jl IJL* 

"u---u^Jl cj*>Ljj«Ji l/ 2 *- 1 . (j-^*"- T °jL~Jl «jL»> ^ J J*j 

^j^ait Jj SjLJl J-u-jj («jjJj' J^LJL» Llii jt JJ j^l ^J*- 2jJiJl 



.LtojJ?- 



.2JL0J7 cL ..«;■>- SjL-J ^SCo—Jl «jljxil jjs- SjLp tj^iJl 

JjJjCj j»J> j»J (LJj ^..,r-> J aJLJjO j»j)j (L .L»^?;. JaJai^ Jl?-LJ 
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I j_L» £t__sjj l CJ Jj>0 J C>jJ->r J ,_JLp (^j-^- *~r~* (^*^' --^ 

LJ_JL>- jj a:J > l>f t J» j_«i i<UjL#I ^jIp IJ_>- SiJjJl a J-u-Jl ^Jjp 

.L_J ^jJJ jt j j_ Jaii jJJlJl IJljjj aSs_>_- Jjju jt L_S\jT . jS^LJLil j> 
J,L*j jt LJlp >__>- ji ^ - aJ ^jjU V J.Lp - j»____dl J,Lu J.Lp ^ 

. jL_>j_Jl jt jw.1 jjl jji 

tL^jl ji C-ililiJl ^ Jjait jlSsj» ^ ^sj jtaJl iJb* 4jjj ^jSsjt Vj 
ik—jUaP^I •U^'^i^J U^^y^J '^^JJ^J tl-iUaptj 

Ljjl £_aii y-t t L__pt J j>- 4-j ^p oLSJL?- JS\-£J Lfit J_4 <--* j-*j 
oJL» ji . j_» jjp jLSC» ^ (^4**^ («^ l$ j~— t 8^4' ^ >__» jJ 

LJ jL>o L* LJLp — (j jL* L_S' — (j JJl L--V>Li £jl j ^ <_->*>L j>_Jl 
.(Hernia) JLuJl j (Hiccups) Jl j*J-f t >_^Lil 
_jlk.>J.I ^ — Ail_£ oUjt ^ — ^Jai Ji j_<_*Jl Ll>»jjLj jl 
i>_JLS\il J,L_« ^ ^^-J j lAJTJjaJl ULi-Jl J j^-* j ajj.«..,r-?tl J jlJjLl j 
jas- j*j Li « n ;fi * <jS\j jl Lil >( j__Jl >__c-"^L< j ;>_jL>_-JI >_jL>_UL> j 
oLChS" JS1 j i*» jJl ^ cjLpU j^ioJ Lita jt ^jLp ^ jJJ-l j t jyLcSl 
IJL* jl . jkJLaJl o £ >____ j^-wA» ^j-Cj" L-S' c(Hostess) jj* 
_s j_- L»L_~>-t jt ^-«i 'Ij^-i L_L_> jj LijvsL>- j t bj , . /> L« ,jy jL_u_VI 

. Ljj j__Jl jSLc L» tJ^J-j >_JiCi_T 
aJUI Sit»^! .Lj yii jU j jSC« aJ a_» J,L*J ^ y JS" jl 

— L_L>-ta oLJ-l o ^«-«i ,jj» <iJb>_ll ^ jy^l J j~ — _r-^~ 
LiUaJ - obj^SUl I ji>-tj t_JU_-Vl j coLJU jJJ (cJiiJl jL-J^I 
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aIS* I JUb ^ju, : jts- (Jl\J-\ J-— j»JI 



cLiiW:.» ^^-J 1: jl ^Js j<-*> iliaSn «i-* ^ JS" jj jJl 

. jJ-* 3>sjjLJ «Ls^jJ 4_jsJj 

ji— >) jj'j C- U^ 1 jj>1j tiu—Jl : jmuUtj ^jiL^aS' L^ujlj* 

L>*j jL" J*^- ^UTjJLaJl J jlJbU j oLkj>Jl ^ 4.k.,tJ oU JJu* LS" 
cCjLjJjj i_ L?-!jjj oLjUji^" cjJw-SD L>»jjIj J^>-j c— 'Lwts" 
Jl "V j-^jj i_>-ljjJl ^ u^S- JS" (j-lj^l ^ *J-~J oL» jJj2 LS" 
^jIp (j-^ SJa-iJ c->LI jj^- L5" toLJ ^S" c_JJi Jjuj . oljcLJ-l 
JjVl OL-J^I jLS" JiJ .cjljjVlj i^LiJl cjiJoj tjL^i^l 
jl ?L* Ja-«Jl cJa*-^ J* .L?-*>Li «oL^Jl ^ cLv4L»-j taLja 
jt jjb yS}\ ijr^ t(( k.,Vt)) iuJSJl ^ 2JLJ-JI «Jl* ^ *J jLiil 
^jip ,_^J>-t Lits .JsLiJl Ijlp (_jt ^ <Ujj jjajc» ^Att L«Jaj«^ 
jjinjjj L)V1 p£^> -iJ-c- j ci_->L$CJl IJL* ^J?t SJa^JJl «JL- j j>-'y> 
jl .Ow»^ ^JL-Jl Ji <0 jj^jjj LL. Jjslity lJ-f-) 4jc.I yL ^Ll» 
^ ^jJl IjL$J Lj^k^j (I t J jSH jL-J^I ^ j *JLwVl ^ L^j.jLT 

JjJjJl ^ jj J LijJsU-j cLuJsL» (ju <oL--Jl IJL* ._J jjLJI 

.AjjsAnJl sLJ-I ^Jal j-»l 

«jJtoJl c-jL-j^I Aju.jI ?j^I Oy «LijJ 4.>>^J _Jl t-jL-j^l ^ L 

- «LpLjJI 4_>L_J1j c«L___Jl j c^ ^SLjl j n_.Ji.ll jo\ y\ - J\ 

* * * 
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j (James Neel) JJ j«^> jLJ^I jjp j ^La^-l JjL 

^w»! L Jj £j»j . L»L*ls jjJai* ^y» i ^SCjjJl 1 1962 ^Lp 
jl £j"ij j*j t(Thrifty Genotype) _y«jil ^-£-\ jl jUl 4-J» j^. 
j^jL^jjj j .jboj^lj -ij^jJl ^jip I jjLSsj* Ji j%iJl Li">LJ 
^JI ^iil cJLS' L-Up to yj cJ j*i a>-Ijj J j^l jLJ^I jlS" tjjjL/s 
tOjJJ olijl I g«I?5" C-jLS" »jj* OjijJl C->lj"i .£>rLi J--*aJlj to ^i jl* 

.o jJilJ jjiSJl Li">LJ <j J ^Ssj |i L-Up 

Li">LJ jL-^I jl o jjjNkJL; (_/9j^il JjjJ . Ljsl ^l ^j L"L>- j 
j j^SCaiJ) tĕ^jJl oLijl J^L>- jjl jil Jii>«j j»_gJ c->«-<>— < 
j jAjJl jjJj>«j ^,, m3j t<JL»Jl I Jjfc ^j . Ja>JiJl Cjlj"i ^ L^lJ>cl-il 
^^..-aT^jj LjJjLi ^l ti*jJsVl ^ j>- jJ>l "iUaJl jl .o-UjL» oj-» 
I g jjij^J (♦-"ij 4 j"j!l tLs-l Llp (^LJ ^*J' t3l^ itiSfl 1 g ■/?«! j*-£jJ 

^--..^i-Jl I jjfc jl .La>-V L^lJ^-l j^J -jLtll J--- JLp- jajJI ^ 
"u jpty aJ j» yS jlLc- ^ JiLi ^uSCJj tjL»SJlj ^-Ij Jl >iLc- ^ -L>/ 
3-5-Lall Ji*Jl j 4,:,o.>Jl jl j~JVl fL.f SjJs SpLJl jlJ-4 Js- *~jJl 
Ji — t-_,i,"Jl Ja\ ja\j t^Jl JaiJ? ^LaJjlj t"_>- j>_jJl ^Sw — LJ 
<>JI Jl oLJJ "j_ JiJ j^jL* Ji IS ."^rjlJl 4,«,,yi "JLi-l oyi 
^ jisi C..>>- "JLp "^Jj ol j ^i . 4~Jt> Jl "uojJsMJ L>- i^.,.,.„>i o jjfc 
.jjj^wJl L>tjjLT ^ oj^ oJj'L» aJ oLS" jj>j t"JLkJl 
Jljj Jl Li jLpr jV ic5 >-f lijJaj Li yjj oJi"l Jl L"L>- Jai jl 
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*K IJL» ^jj^ : jt^- i£>\J~\ J.^ill 



.LWLiJ jol oUI j->- ^ L-L-l LiJ 
iju\jsJ\ jjj? j& *LapVi J,| iS ~^>\ <-{-^\ 

jli c4ji r .ja.».L l yt uylj^l jV j .*OjjVl u-JjjJJ -^j^ij 

jJJi jt ^SCjTj .":>jjVl ^ Lf jjiSC. JLct LjJ f->Jl Ja*J» 

.jyJLiiJl jjj i^JLaJl Jl jj*j jl l-j^j (J-Lll ^jJJ S^sU- iUSs-i^ 
Jl JyJliJl ibjjt ja t^J-C-SU Ojwjj jt Oy-^Jl ,>» ^^LiJl ^jJl ^JLc 
j j*-a!I (jj> (y^i V -Vi AjLs tl i,^a>^ **jJl Jaj»..j-> jlS' blj . jJu<aJl 

JjVl .^JpSU ^ JJl £ij ^ OIjipL-J jL«- JLa ^JJJJ .^JpSU 
^ j>- Jl ^j» 4xj? LjJ^J (, ^jLc-^J i j».,^lL) ^ JlLl ,»j a jou^ oULw 
LjJL» c^JUC LwLp .Li>-jt oMJaP i^A <_£ _/"-Vl 5-«— Jlj .JjL-^U 
.^jLc-Sl! LUrjt «^jjt J> f jJl p ^Jp Jj»j»j ^Li^l U-*J '(^/a-iJ 
Lo tJiW Jl 0*>LiaP pUr ,a«j toU""^ 4jj>U-t oLL^aJl jl 

. j, L.a I I Jl ,jy»JjL!l ^ j j» , /?l l (jji 
^Jb«0~J ^Jl c4jk.t.:!l CjUI j_J-I ^ jLjf (J5v-ij ^UaJl IJj» J-oj*j 

X?r JSCio J^jt. V 4u5sJj . jiUlj ; ( jkS' Jlj ((^oiJ LgJL>- jt 
tl jjiS^Jar ji'l ^IJ^i-l ^ ji jli .aJtSl j oL>- ^i-jJ ^Jl coL»ji>J.I 
UJ jt ^ . ejJ jVl J (>SU f jJl ^Js (jj. O }Ua*Jl jSw" (jJ 
. oLL^aJl Jj^i ^....j Ji Jjjj j V < 5 j j j Vl ^ JJI ^4 (>• JS"Li~. 
J-LiJ LJjji* .(varicose veins) (JljjJl J^j*^ oJjxj L» I Jj>j 
tjjSlj j>Sl «JjjS r l ^ : .a " j .«^jjVl ^ ^jJl j»-oJ?Jj toLil o ,a!I eJ-* 
.Li>-jl ^ 4j jiL» oljL-w» ĕJLj>ti«j A>tizj> 



jJLU-b iSC__Jl 
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j \jS Lf jf ^fs. ^jjty jf t J jjLU V 

j> <LL jis cjLp-L-J j j... J/>tj jj? jjpj c»iL>-LiJl jjUL_*j .5 j^-jil 
t(hemorrhoids) j^JjJL JjL^AJ ,j->_>- J^Lij OjJ* j*j> t,j-»jJl 
t 2jL jlaJl ^ jLLl cjLcL* J*>U- .S_i_fl )\ LjLJ- ^ u1_nj' ^ j 
t^jJl £__4 £* 3 J j>- olpl _-Jl j tSijjSH ^ fjJl 

j* jj_*JJ (jJ_*_> Ljf 3j>cPj,« jjS^Jj 3jL«j (^y*J ' Ji-"l J-Jl J_N..,-.1i 

.Aj __UJl «isu-Vl (_-Lp L_» j_a?-j t*>L jJs 



i j (j-J ^*>-xJl :oLJ jJl (^*L» 



^ jLtL jJl cLjI j~_«JI ^Lkil j JL-i-^li : jLc- ^M-CJJ 
ja jSCoi jf J_>J j> Ljjc ji~*Jl LJp ^Jl t JTLill S-Jli jJj 

c.^J-lj tjLJJl olS>o pi^JL ft>L<Jl LJl 
<__jLj JLiJl > «. .,<?" ^Ip L,,_i 2U„..i o">\jJl«j LjJ_T oJudj .,jJ_*-I o 
jL-J^I a j^_>- jli tj~»L>-1 jL__iJl ^ LjIj LiTj . t_i_>-l jjJl jl 

S_L»p1 ^JsLJ t"L> j,.i.^->- j* jS i^iUjL-aPj-» I g » P>» » (i 3J j_C_» 

Jjj j* __* ^l tjJJ-l 0 j^-y .<£ ^-Vl -JLw^l j t ji jill c5JJ Sa j>- jil 
L --sjj jf j&L <j y jl jJor LJ to j-_Jl JLJ-I (j ji l_4 Jl j>-jv9 j^I 
'2 tLuj J^-i tLJL-J i_Uj y-j. ^*}LxJl cjI j-^al £t-_J j^jj ■i3^* J J 
. jl-Url IJl* Jj">Laj j»_C>_i ^Jl tCJ^JajJl j> :>JLp j^ij 
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^gip bJjJii aJLi^ o Ja*- «LJajlii ^ jJl t.L'1 (j-jiJl ^LkLI jl 

JiJ^ Cr 4 j y- ^-a»- <>*^ J^P *** O^J '(J - ^ 1 

c^OA^Jl ^gip LJjJi ^ iJbr oJLiil Lil?-- «b j^ jl .i_JJiJl y> 

ti>u;l ^ £LJl ^ jJl s Ut tur iJl ^Lkil ^ JSCjJ ^w» ^ Ll*4 

..Ij^Jl ^yi 

LaI jit jl . JjL^-^l jj» p uaJl ULJ c5 >-Vl oUajliil j 
c^iJJJL! . Li> ^-«j cLjjL Ja j^^i^j ^Jl caJI jjJI S—aaJI ^ (J^J 2 
ujuUajJl oJLa .^^SJlj t^,..a,"Jlj t^JJJ <»— ii ^J.1 ^Jb>w-J ,j>*i 
^UaJI ^ ^LJaJl ^ SjJaJ Jp" jt JL. t(J > jLo jt 0*>AJl 

.ajlj^Jl 

(Hiccups) J1 jill :(Tadpole) ui-*l j^Jl j iJU-ity 

JLwty £-» <*j J jUJ ^ JJl c^jjLJI ^ ojjjU- ^Lc-j^I IjlJ jl 

. v_Ji-pljviJl j 

Li*-Lo J jLiJ LJl ja c ijl ji!L> SjUs^I LJ *l jp- JL* jlS" jl 

jLw^ jL-jb Jfl jii! JaJaiJl yj^. ^Sj jl >t £ oLjJu £.4 oJU 

jl Jjbu .Lg-C-Lo ^JL»- ^ Jj^-jty ,j> o jjjw? «uJai Jl c^L. ^^5" 
J*Jl s j> J^>i c$JJl cjS" JJ ^.A (^L.jJl ^JJr-l j> AikJ.1 oJl* 
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. jl _jjLIL» 4_x>_-J <_£-Ul c-UUil ^jStjcdl 
jlJ^r ^ 0*>Ua*]l b-U- j» :h'j ^Jai ^Lil jj» jl jiJl 

^ I^^OJ J J-*3J>- 01 .0 *J _Jlj j^-Li-l C_jL>«ji-lj j^-I 

0- L* ^^LiSl i_ , ^.i::lL> j^-s-^-ij ^Jl ci_jL— pty ^j-* jr_^jl jl -l>-lj 
^jL» 35 J,l j?- j»J .tl j^JJ jL>- (j : g .« <up ^tiL; iJjbj . o"}Lja*Jl 

Jwj (jL»jil jL—J) Lj j>«_>- 0 j>~'y ^ ^r.;. .■ ^l ^j-» 4_]s ^ ji> toL 

i_j jJ^U jwaj (j^JuL ^ j-iil ^j^Jl a::Hi .^51 j^Jl <_£ ^>J.I ^LpI 

. jl jiJl 

lilj c3-l?-lj jl ji <UjL>«j i_jL--j L» IjjL Ljl ^ <U-C_JJ 
(_LjJ j jSL-i t J j^l j^ioJl <JI ,j— o^Li-l ^ jljiJl C-iijl 

1— * j— j t ^jj jl ^ o-i-j«r <L_» j* 
j jj^S\Jl -\. : ...-iTt (^Li (j-i^J ,o j^» Oir— ^ *J-^** LL j' jiJl "L.jj j • «..■■■" 
j_*p ^ J-»-i) J-J-l jl^ Jj.j ((_£jLp jj i _ r -S' ^ (j-ikJL) 
ti.Lc ^j-J j^Jj .Ljaju <_$jd I jSCw. jl jiJl jl ^jSCj: t(<uj£j 
Ji! .l-b»r 3jj jL> o jUJ J_f d)l j>j: jl jiJJ <U> -^Li-l (_/aj«J 
(Jl 1922 f Lp jj. ^LLail jjj L. J jlji 3 j^i J jkl o-u>l 

•§' . 1990 (Ip 

-t-J 

j_j jL-J-i iJL* .L__»Li j>-I rJU «j» jl «ilL _jL_j jl , Ll LL » jl 
® " ^ ^ ' ' " ' 

U fjL» (_$-\Jl ci_jL--pVi ^ ^..t:ll c-.;.» L. (JjVl : ji^iJJ La 
| ?j^il jljiJl ^ o^LLl .iJwb (^Ui ^JJl L. coLiJl j ? jl jiJl 
jj(. *_--^l ^__J jl .jL.jil jLj j">Lp|j c^.j^Jl ^Uil ,^-jLJI <ul 
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«IS" UL» : ji~C- (^iU-l J-aiJl 



4j iJjwJ ^tjjlj «L^c-ii t Ajli Jb>xj ijl j-Jt L_^j t^gS C .a. I I L>cjjL> ^L! 

. ( i jp jwJLS" oLil j^ 

<^\ j Ojpr j jo L »uLa j»-Xs»o Ot LpL:> ^.kr.-i :._JLwVl t*Vjt 

jJ-1 Jup t^LJl ^JL>- ^ (jjJJl tJ—jJl jjajw .L^-U ^ 

^-jLJI o*>LaJ o VL- £_L Jl ^ Jl>- ^jt-i/ j-^ 1 Jr 1 " 1 j t 1 *^ 

' j > ,__Jl i * j*^ JaP ^ya-iJj . L U . :i ^oLlJl i2jJb>xj .LjjJ 4.j*--J jJl 
|JL* 01* iaJLp «.L j .lJL>- ^JLs*- t_-Jjo jJJ-l j t j>-U-l w_jL>J-I J 
central pattern) iSj^ J\ Ja-Jl J y. (-J» j*j_ ^L Jl jjU-l <^-l 
►L j t i_~v<3jJI 1?,,-;" 3_«_pLw« LWLcI 2SU:ll o_\_* £t__J . (generator 
l_-L>- j LpL.S ^ji oljJjil oJL* ^ JwLp jo-C-^i .0*>LajiJl t4_lp 
.(^illj («JjJLS' tci ^ty ^LpLJI oL^ jJLJL ^j-iJl 
(j-wiiiJlj ^>^i OLS' t^L-^l ^ ^L.jJI ^JL>- ot ^ «USs-iJ.1 

ob JL-A r 1 (_SJJ .oLjJdJl ^ J-<oJJ aJjJuu" Jij t-tJLo—S?! ^ 
--X>0 ^JJl t£^L Jl ^JL>- ijT J- j-aJl JL-J Lf_. j ij»Ua*Jl 
n—jL-aP^I j .j»—iL-»-1 J y~ j (jJJ-l ^ ^apLiJI o*>La*Jl ^LiL 
^jLJ-I LLc ^JLs*- t^>- ^ j5-J LfL-o_»- jJfLil (_t)J_j. j.-So-i-j (^Jl 
*g' -jLwty Joju i_-Ma*Jl iJLa i_-J J (J J 0t ^j^- L_-xj:_ .^LjJI 

+J 

(.^j^l^j^l oLW. oi .^jji^^l ^U-Jl J UIjl- 

i_: cJaiL- JJ t Ai- 0 jJ-. 400 ^jip L* ^ Jujj ^\ t j jjiwaJl (j-. ^.JLaJl 

| aJ-I *JLwVl ^ L5" LLc .a^t J\ ^Lap^l j ^LjlU oL-J» (Jlp 

.^LjJI ^JL»- (j-. (j-ji-JL; -_>o»ci (^l tt-jLaP^I JLwf tO*VI 



_J_>b i£__Jl 
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4^__JL _i_ ^ L__ 4_xJj c jL__Vl ^ -A-s>r J^-^J. J**i f UaJl IJL* 
3iL-_« _,*__JL (»_>_»__ ^Jl c-^L-tP*)- ^^J c JL__Vl <^j .oLjJ_JJ 
Ja^ ^Lp J-£__i jJJ-lj p-J-L-i-L» .^UaJl _r* LgjJai- aJj jla 

,4_Jb_- 4j_sJ_. LjjJi coLjJjJI L.I .^LjJI ja 4aV.ll a-L* 
c^>-L4-l _^L>_i-lj jj__Jl jIjl>- _u>*>Lj_*j LjjJ _,.. 8mILi j»_C>_Jl j^i; 
_jj_»_>-l _^Li_l jt_C?*_) ,L_J_j _jp LjJU_> J ./? a"* ^Jl ciJL-uJl 
£ >>-' j>-L>-l »_jL»_>-L p_x>_i? ^l c_^L__pVI j ,(J : j m.IL j\>-Li-l 
.L_i j lJI^ij c^UjJI _JL>- _r* c JL__Vl ^ L_T LpLo __. 
phrenic) ^jL>_>-I _., ..^«Ilj c(Vagus) 4j'LJI i__*_jJI t_^L__pVl ai_* 
J,l J_— J i<jj jJ_-Jl (_ju j>-Jl j>p i-j^-i-l oJlpL» ^ja Jc£ t(nerve 
jL_J.I IJL* jl .^-JuJL p£sri> ^Jl c jJu-Jl tl j^-lj t ^>/L»-l t_jL>_>-l 
_^L__pVi «Ia 0_f V 01 yJ--Jl j c JTLill ..... g; jJil 

jli cJ-J-l t j_J . J>-L>-l _^L>_>JLJ t-J J>\ j_C» _^ ^jSCl t2j ^Jl __« 

_, ; .-jj Lg__Jij ___>_>ij jl _Jxj». h—jL— pVl «J-* £-* J 5 *"'-^! t (^J"*' 



jli t^Jx__Jl L-JsL. ^bj jj* L>L_pV s-^y^' jL_Jl j-T jl 

_ jJ_- _?l jjiJl .cjLJL. y$ L>cjjL _,p £_ LJLp aj"I_ Jl jj_I 
(J*j_ul AjuIi t_j>-L_i J-N-_j tl j^Jl ^ JL>-I Ljj. ^li ^lJl t4. : .,,. a::l l 
^ jl jj_L p-SC^o liJ_£ y i--J IjJ j» -5La ji jJ-sij . jLjil jLJ 

■■ •" t :..^ JL_j 4j__J| oJij* LjjL- lil :^L«jJI 

J-jC jJj> Jj Js ^jP _jl jiJL; (^«Jl ji (^s-l-Jl _r*j .(Jl j-Jl 
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<dS" IJL* _______ : jis- i_pU-l J-_uJl 



_j* _JL£ J_JLo — 4__pL_.I oLSjLJl ^LS" -«jljiJLi <.is£s> 

.1* jJl J}U- _v-bi __«Jl t i.|Jb-Vl 

i_jupl jnJI^LcIj c_ ...■■w i.-jl.tl.. jJl^^-J j .L> /JoLJL. jJl_s-J 
i_jLpIj_J| j»_L>___J ._j__L_L! jw-iLji-lj (jjjiJ ^Jl j»JL»___J ___Jl tLajI 
Ju y LjjL» t-JLA-l i_JJj ^ .jw-iUi-L ____,--<LJ L«Jup IJL* i__Jl jJ j-. 
ji ___p ~> V Lj^Jj jALj-l js- Ljj LjaI jil J,l tLll 
jLJ jJjJ LjiL» lf #Sj\ Jl J j>- -Jl ja ,Ul ^J. .I^jSj Jl ,0.1 J^-L. 
jLJ J^U^ j ._j-jLtJI jjjj ^Jl ^**JJl S-UI jJl ^ j t jL.jll 
^«cjj ii-9»j LjpLo ^J^r j i££ j> Jai Jj* t_ji-pl j_Jl <_$jj jL-jll 
jj __> _jp __j--LJl L^JrdJJjJ .jL-jll jLJ^ s jj* «3!>LpI j^-Jl 

. JljJl _•_. J__? J£n_- J___»j p-^UL 

* 

^Js>- tl-L>- _>W>lj iJl-pIj-JI j jw-iLii-l ^jLjj LSI jj jy «LjJl jl 
.e-Ls-lj 8 y-Us> _jP OjLp jj y-UaJl jl lj>- Ji\ _j-LJl _•_« -bJbJl jl 
j^-1_>4__-L <>*S ^si jl _j^J>. t_j-jplj-Jl ^ ^-j-iUi-L) u - °"^ j}j 
jl Uaul L__Cc.j .LSI ji JU-I ^jt LS ULf t jjj ^SCJl -L>, JTt jU 
LS L-L? t jJLaJl jlJbr -LC. _jLjpl__-_Jl _y ^JjL^-L _j.. a;:Jl l_-->->-S 

^y»»- L_XjT LCjj .<»___>- j Jj j_3 _j-_ij J Jl jjJI <__j_i jj jl L_XjT 

^ L-LT c-jj-o LjJL_5*j t_>-plj»_Jl ^__iLjl-l _j-_Lj v_^>_>_i jl 

. JjL-SU (JLc-^I _j<. L-Ij 4j jll. _y>j 
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(Hernias) Jtsiil :J> 

cJJJ v~Jlj J 5 ^ -JiiJl jl cJbJlj UL. OJ 

i4SL— JL-Jr UJU-I £U -jkJl JjuJ CjJL^ ^l iCj^U-I 

U .LgJi Jl J-*ajj tUjJwj «L^U Jcc LLLj" jJi- *jL^J}U 
V jl l-br JlJJ ^ .ilSLill ^j^J La j c^JJJLS' c .U CjLjJlJI 

^ jt-P Jl jjp) LJi jlj>«J J lUjJwa ^ la,«P LLLJl U jJLe- j jS\J 

LLLJl UjJLp cJlS' jJ .(aaL^ Sjyi t VjJJ LjMJuI ja J*4 Ji L$Jl 

. J-LJl ja LSsJ Ll tlij jJw> ^ 
. JuSCJl jA 9 Jl*UJ L* Jjl» . JJJI Jl ^l j* J>j jJaj. LiLi. Ijl 
jjJSCJI JuSsJl jf j j -Liju jl jJ-l tLJp ^Jajli . Lb>r j^w? ^*. yiJl JLJT jl 

LLLJl jJuJI jl4 <-3j-*«j t^Lii JuSsJl Juuj -tJ s. yJl ^ jp ^ j«-*Lu 

^ j j*r j> JjJl Ula jl . jJLaJI Va\i\* ^ t »«_JLSJ\ i_JL>- Jl JCC 
IS t L)jJ L.I .j^-Jrl 2L.JlL. 9Lflj 4-LLJl j-UJI Jcc : JL^-ty (Jajc 
jjS" JJl .4j jLf JSLi^. i_^J jJl IJla jli toLjJLtJl jjajc» ^ JU-I y> 

,j«_£jL>- 4JJ9 4j jjl CjUI jJ-I jj>-_J 

Jg ^Ls^ iijj 0 jJu^» U">U- ^p « jLp (^LJ-I jl) 4j jJl cjUI jJ-I jl 
jj c4j*)_J| j%zH\ 4JJ9 -*->w JSLio jjJai ^SCJ iL> ij\ j>- 4j>-jj Jl 

4-J 

"S -J j-~ 4j jJ.1 CjUI jJ-I jL» tOjl _J-I 4j>-jj CJjlj lil .1 (cJl 

H . >' 

jj~o (^jJi .0 jj? L^ili tlJL>- «jjLi Sjl ^J-I 4j>-jj cJL5" jlj C 0^-J»Jl) 



c 



m 




-g tpb» -l5J/ c^-J' .(^0 UJ> LlT u*^- Li c-^i 'j' 

j. JiJ-l^ LSo^MJl^ L i LjjiJi^^dl (ll^Ldl idiil ^ J ^Jj-~ 

jg Steven) UL.&jyL^ j jgjjl LpjLa&j j^aJl .<jj>-i <JI-h ^uti ^ J> 

5 Canadian Shark Research ) jjSJi Jfi ^Jjl >Jl> < (Campana 



. (Laborarory 
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CjLI j->«15 ^JL-Jl jLjjLl Sjlji^j ^»_C>__J _jJl jji+a jL}>- -^LJLiJl 
iJs- jli iUj»> jJLiu Uk5"j .(scrotum) jjL-Jl _r" > *-' J"*J '^ij-^ 

Ju*- jj (j->-SsJl -UJ- J"""' J J • ( _r~^ J"""' J ° J J"~ J* "^-'LJl ^SjJI 

1*5* ,5jl j^-l A^-ji joJ ^y?. ";" j tiJUjJ jl Ljjl$\jiL o*>L-j"- 
:_jLJ! ^LJ-I jJL' _..,,-. ULaj ."jj_U JU-1 ^ o*>Lop _5L~ jt 

.lijLj ^LJ-I jjS\j L»J_p Jl_J-! i JL>- Jl (j_-_Jl ^/-^" ^j^o^i 

"JL ^is ^15" IJLa j .«jl J-l "c>-j_ jij _Jai>__ jl 5JL«15" 2u J-1 aj- - J" 

. "l-J, . * Aj j_4 CjLI jJ- ^LI J-— _■! (_-lp J j__>_U 
. OL JuJl jj. Ju JL*Jl ^ "-___>■ S jlilS' tUaji J_j«j Jj_il _,«■/?!! jl 

■»•^-1 jl J-»r "tj - *" <LL— <LJl jJuJI _ j>- jj <Lj>- jJ jji . i. all oL>....4-l jj-j 
oL> _5L~ tt_JL j-Jl j>*L* J _JJ_ La ^ijj ^Jl t*~> j*^ j-J! j 
.(jjuaJl ^r-S" j j ^ oLJcJl j- jjJL*Jl Li*^^ 2J_>- 
oLljJ-l J_>i ^JI t-^-j.L^I jl ^Jjdl IJL* J JjsCill jl 
( _ ) ---' ^ j^L .^"JLl ^ 2u yk\ oLI jJ-l J-__j . "j J_-> _. : ,,rt*ll Jl Aj jlll 

J_Cj t^jjLaJl _-« ts J-s^-l !•*■» G-" 5 *^ J*"^ - r " u " 1 ^ 

<-.Je> jj-l j>p J-j". ^* jJ-l (J ji _-« ■_j_dL> j tj-J-l aL^L ^JpS- 
Jl i_>Uaj. t Ji*il jL_J,l ULa J*>L- j .£jU-I Jlj rt"!l Jl J-_J 
. u jJ^L al,/i:U _JjJl _jlp jji j_ll Jj'L_JI 2j jill cjLI jJ-I 
. j__Jl j c5 j j--J! L>u jL ^ (j__S! S-i j*J! jL~il I JLa v__-v jl 
•u* 1 Jj^' <y ^s* ^ y '"-'^ jLSCil ^ LbjjIaJ "^jLiLJl L_-Lp IjJ 
ij j-j "LL-LJl L_~lp jli tL* jjJajj Lbji *^j .jlSCJI _-JL>«j (^^l ^ 



273 




(Gonads) i~L*LJl iJjJl ^Jj* Jl ; .^ ai t.) <J < c/^^ 1 • Jtr-*^-' t/jLP* 
C;^ 9 <HL> <(Scrotum) g**Jl ^ J U# .^-+1 J*l J ^ldJl 

j^J 1 ^ jj^^iJ-djhJ 1 j^ J*>*i *L< ll* -j^M J 1 -^ ^*rjL>- •-rt*- 

. (Groin) *-> j.W Oh^ LL*J> 

M ^Mi s>-^ r^ 1 ^ e&UJ J> g?j -J^ 



cll^-b *SL~Jl 
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.dJJi j^ jt->1 ULa J jjJl J^c c jj^-Jl ^j -Lp*^ (*~J t SJLj jk 
— jjSJJI ^ L-^ V j — ^lLjLJI ^JjJl J j u 01 
J-J-lj ^jUy^it-l Jji> Ljup cLjJl>«j L J^^cJj . ^....■■■M jl^Jr j 
^ii .iLkLk» A^dL/J jjj^aj Ji 3 "^ t^ji-^aJl J^C_J <_£ jJl 
.(_£ jJl Jr^-J ijjjt-l ji j t ju\_»a>JJ SjU>1_C t J-il IJL* 

£J j» J5C__5 cLk_~j I jlj^>- ijkLkll 4>r,a„^ll CJ-' jJ j ._1p jli 

.tLi^l <jJp Ot j50r. c—s- tii?Lkll 4>r. j _ApI ji jy t -VI 

^ jkJl JuLjoT JliJl Cj^L- jj» -JjJjJI ^ CjJL?xj L. 3jjj_JLi IJL* 
j-* «IjT^ Jj^" "-t-*- tiJiJ->- J-Jl jjj» ^ljj^l a j-* Ja**.} • jLr jJl 
jj^l «JLj* j» ^l ^ jj ijL* j .j^j^J La-L>»- jUy^aj-l *Lv«Vl 
l-:»./?" LitLol ijL» tjJaJl o!>L_P ( j'*;*' LJup . 4^_J_C« (JliJl j» 
jf sIjm^I jt _JaJl jlJbr ^ <Jl>uaJI j ._JaJl jlJbr Js- 

.(_£ jJl J-J-l ' -»L>- jaT.i.rl JajwajJj c^JaJl <_ij ji>>Jl jj» jJjJ 

ja tjJrl IJL* J& L^> j-^>- t jj^JJl IjjiS' t-J-^l CjL^Ij 
jl.br OL» tL* j^p JCC ^J-^a i_j jJl _r$J-J _rJ — jLi^l jV JJ 
•§' • j j^ c?-J j* -? cJjii ^JJ jkJl 

J^ jl j_L>- aJ ^ j«ii (j$ JJl tJJLgJl kjcJaJL; ^JH 1»Jup JL>- jJ\ IJL* 
L ^jJ wUJrl jl^>r jS- i_jjJI jj^r J 0| .«j^ jJl j J*J~I J">^>- jJkJl 

2 ^'L* <*^jL1» ja j-JLi SjLs^pAJ JL>- ^Jl Jr« OJ Jji^ JLpL-j 

.^JdJl L jJ^L» j ^«..Jl Li">L-f 
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bjUijTjsilj^l ^»1 :Ol>jj£ll 

>> jij j tL,»» L*>L>- ^ ijL?- JS" J->-b LjjJu jS"jlJ.I -^r jj 
Oit«— «S"Vl Ji j^- '(^y* LgJ SjLIs j ^-Js jf jl .*LiVl 
.LL*>U- J>-b 4-.Ijl>w~-I LuSCj; t4iUaJl ^jJ Jl oL^St— Jlj 
tlj>-Vl ji :^ ; ,"j t-LJxJl f j<..,..ll LJajI ^>-Vl i^ijUijJl j« 
jup L>jJ L j JJ jSjiJJ ij>-j Ja>Jj . Li L>*jA^- i_ju'U9j 4jik>uLl 
jt ^jSor t^Jal jji^I 4-JLs OJi tJa>-l «• j-J j .Jaii L. Jl>- ctjj-b- 
jLS" jl .oJLSjcij |JL>- aL jt I g:a : Jgj J->«j ^jJl tLj-Li jS" jiJ.1 I g 
tjy^-^Vl i3">L^I ^ ^l to'Lo-50l o*>ULuJl ^ ^Jio^. _)L* 

A^woL SjjJs jJl ^ J-LU jva>o JLi j . Ji>«J JL» 4iUaJl ^LSl jli tLj-i 
(JLe <Lj.j .LjiS' ^ Jrl o>prl ^ yjj JJ jt iJUjjJI ^ JiJ tob-li£ 
UUjt oVL>- Jl iji jt j^L: t 4jJLij JJLi-l 4J <Jij-L>«j. ^JJl t jLS\il 

. O jll LfcL<ailj t(jj* jJlj i_ijtJaJl 

^tjjLT ^j-wsjJ t j";»^ I j <.i->rT,-) (^Jl to LLwJ l (j<» JuJuJl jl 
J j£ (^Jl tyL^SOl o^ULiJl al_jL-i .LuL-orl bjJu jSj~ll 
jU £■ Ljlj Lj~« o-LL^^I jSCjt t4iLW Jl ijo^-i^l j cjL _jSwJI 
L^jl« ^t— J JljJ Vj t,jiJ--Jl oljLL» J-i oLiJ JLi t j jij^Jl JL r -Jj1 
Lijij£nJ| ^tJjLT LjJu jS" jiJ.1 J-«->- .4iJ_>Jkl cjLj j j5\JJ «b j>- j> 
tbjcSsJJ 4jLisJ> jJji-jjSC^» i .jS* jjj t(^i;>- <__JxjjL :LgJL>-b IJL* 

jji (Jj^ S ^»>- »J C jL) J jSn—» (j» ">L^I oLtJ Lgjt L« y>£- J jJill j-^J 



_JLU-b <___Jl 
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to y>: jil iLlisJl SiUaJl £_jl aJI jli t-uLJLi-l ^ j .ij^-Jl CjIjLL 
j> SjTJuiJl <>J jjty a-i-* j> J_»-lj ^ oL_J Ji tL> jJJ jS" j~Jl o-L~ ^ 

•L-ji^J 1 

^l^t <L-I ji j LJ-LaJ Ljjj^JI ^L flJ_---l 
sJLjJ l_JjL_J| ^^Lc jJ-Jail (j<_*J. t«_LI_i-l ^j tljjJJ jS^j^il 
C$l> »»j_j 0? LI__.L> oV tJ-A-L. ^J iJut-j .Liji^Jl ^Jal ^ty 
Ij*>U- ^Jj? ojl yr\ j-Cc L L5 _» .Ijjj-nJI ^Jj? i_j jL>_Jl 

Jb Js- £ L <, j^ J\ LJ oLS" ^l ioLI j-Ul _;JL>-lj -j^-J 1 

JlL 8 j~»j.i <_?jJl ^J.1 0-"j .LJlitj UUajl ^ja tLJjJl Jjy 

.iiyjj" ^Js^Jj IJujj o j-Ujj jjJJI jLik _l 

u LaJl <_J-J_Pj ^L-jJl J}L_pl (__<->J ^Jsj-Jl l-i— * 

c ( _J' j J.Li i_...._,i L/aj^r* <— -Ij-i ^j .(cardioencephalomyopathy) 
jji* jJ_j. i____»t tjJjjJl ^ UlS_. (^JjJ^ 1 Jiy^ 1 --^ 

»_-> Jj-nJ.1 Jl LaJu-j I jJ jj£ coLJ-l ^cjj- J j>- <_ ytC.j ._J_-JJ 
jJLj\__jjwjJ ( j*LS' j^\j^->. J^ 'ui^rjj^J (J^-**^ — > j__jJI 4__i ^g_.,». U 
.LijJJjS^jiJl UIp ^^--o c5-Ulj '(Paracoccus denitrihcans) 

_J 1t; ^L_jS\Jl 4jIjL_ij ,-JLs- ^ju <U_Jl i— , i ... i 0 ^p- jt- j tJ ^Jl 

.^;jjjVI<Jj yJl <__i_'<_<;JJl .«u-JLTLIj? .Ij jJJ jS"j-Jl ^s-j^-jil 
j_Jl (%-g-s-j ^ I^J-j c^JJl tAjli- ji-*Jl L_ jj~>vJl ^ I j>*-ji JuJ 
ol5_£ I j_xi ___ .L>tjj_ _j> j*j L__p cL_? ^ala;* »j-*-tj Lj 

Oljjjiill (^^JJ ^j. tljji-K; ^ji jL_J^ r l LijJJjS' jly. 

_^^ _>- ^ 
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oljLii J-j: (_£J_I tL>«jjU jj> Lj^>- £-Jaj (JL*j .Lj jiJ ^j-yjH ^ 

. I ;'», L*>- ^ ,j\i_Jl 
^Jl tjj jJ jJIj^- Liij (»LS\_»-YLi . tjL-s^ j ^j-J l_>L j jSCJl JLl. jl 

Jy^Jl ol j;,..ll J*>1>- tUapty ._ij'Lls>j jJpj ti_J-Jl ^ L$_»__» ^ 
t4J_-ljJl _J_jL_ ^l ,_jL_CJI Ul* JLp jlL>t jt ^__*«j j_T t^Lll 
JLp SJj'I _Jl oL>oSfL» .a-U-IjJI _Jj"j>~>- jt iaJU-IjJI _Jj*_j_ jt 
<p j^_r _r*- L^jLiiCJ i(_JaJl j 1995 ^Lc- JjjJ Sjj'L>_. _j jli *_jLJJI 
.(_; >-Vl -jLI jJ~\ j t jL-J^I ^ ^L__-Vl ^l toLJJ jj> 
I j j j_-t ,j-L;V l_-j»_ t^J-Jl J 2006 j 2002 f I jP^I j JjjJ S jiV j 
t_jl_ jJLj V S_ j_ 3_jjI jJj "_»«__Jlj t(j$ j_Jl 2j"IjjJ| jJLp j L-U L.JJ_ 
j*Jl Ji>«-Jl jL» t2001 ^Lp j ,_jJ_- L. IJl*j .(c. elegans) *~<~*t 
St-J-Jl ^ Jj jJ SjJL>«j y^Jl JiLi j (jJ-l S ji^-»- L$J Lc.) S jyo->JJ 
. l-g-y<-r L">Li-l j 4__L_<Vl 5j jJ-I ^ JjJl JojJi L__$i o-lj LgjV 

LgJl .<jiLa> j^pj "-_>*■ t_jLi jJ_£ ^JLp c-j? tAjjw o-Li-S"! c -J «Jl*j 

tJL__Vl J^-t^ j t jl-bJJl j tt-jLJJl j tSji-i-l ^c^oUL-j-TI 
JjJjtJl t_jL_«lj tL_.L_j»J J-o-c- 'LLS' J j>- ji^SCJl Ljy>-J 

_r* JjJj _jlj_t ^ jJaJ _r* L_S\j" ^l t J ^J-Jlj tLjJLti ^Jl _,_>! ^*Vl 

. L_>«w9 (Jr~^J LjL— pl 



* t. * 9 c 

C-S jJl t^.laWl Ijjlj ^Lsjj \ j>-jj> ^-^> J->/' 

3b j4 oJjkj tyljS' .2LLII ^l j>-Vl J _i>-L_l j jljJ-l jJUs- ^ 
*>LLp t.s jiJ jS'!-.^! oJL* Ji. J J*-pt — -^" S J| L-Jb ^p 
^ ^jLil jjJa^- ^ IJjpL^. ^j^-j t_i>-LU ^ CjLp j*_>_,I ^Jj^ 
^1*4 jt ^jSCAl ^ p_C cJTj-t tAJJUJl (J">L>-j J*>L>- j .oL-Ldl 
jLS" L. LJLc-j tL*L~o>-lj LdLc- , LU.7 iijj jL->- ^ ^al ^'-j* 
tJ Sl.t ^ t jLikl JjJl j^pt 0VI -t /LLU j Ijs^i. ^L-iaI 
. J j^l fL_J J ^_J-I jJS L$J> c.^.:<l y JLS' 
^jjjjl J i^Ab I j>-'j* I $ "t.P »JL>-lj 2LsL>- 3l_4- 

J*>U- ^ k::« J-C_j _La Jl i__aJJ L_T JjJ . jpLSC_i ^ apLu-JI j 
U- i ji _JL* j^j ioljLkiJJ v v __._j j2L>lil Cj">LJI cJ j-JI 
_Jj> ^ ^g-^ V oLpL. c~Lai _uJ . jlSCil Ja_-j AjJj JL>- 4_Cj I jS 
jp_y^_i L$J>-j J 2& £■ _■ j_jl slj>-l J JjJ_£ Ja yiil 

L-JL) jljil IJL* Jl 2-jPj^Vl oljLjJl __. jwLP Jju.j .JjL- J| 

^jl t_i>_il ^ jLTjt Jl JLjLjIJj L)l Ljbi tCjljLkiJL; ^jy^jj^JJ 
oljjjJl jl t jUaiJl ĕJj*L_Jk LT>L>- j J*>L>- Ji __« L^JjLj ^ LL_ 
jSTjv» J -_i>_il 2Lil>- ^j .oljJLkJlj SjjjSJl oljl jJrl Jl aJJjJI 



_Jl^l-4S__Jl 



280 



£-Lc jIju — (Henry Crown Space Center) sL___J jjl £ (j jLa 

sLJjl ( ___>- ^ ip jJs j_I sLj__5l cjI jjj t__ a... Jl i__-"l jSOJ 

j JiJl j_ cjLlju_J| j c>l.:.:, Jl ^ sLj__!l ^ljw - ^SUJ t<_£ j£-\ 
tSJji-Jl jy^\ _j_»*_Ll 4jil>- ^ (_JjLw ^_5 ___«_»-t C--' JLaJ .^j__dl 
._,_■ ^LS/I oLprl jJJ Lji j\> J__7 jt j_ _j-"-_- jl ^lJl 

jl _^J>. aSjjC sL__ <_ j-—«S* _,_■ oLsj^j*-! _»JL»-I j j-o 

0jv_v9 CjJj j_U t4~<_-l cjIS JJ .L^JU-b Ji-^j LJj>- 
LUp ^jjsjil j^p^l jLS" jl_J .U_>-V v_-t oli j jSsJ jl _1p 

^___j jl JJ» ol ja oJp ol ^il jl ^Lp jL5"j tt j jt- J_n__j L__vj 

t4__J_J-l <J j__-5nJI t8 jU j>j _,_ ^jLsi^I o_L_5l o y»«_- cJLS" La :_; 
Frank) jLjjj _Jjl jij t(James Lovell) Jj jJ _,-£_-►■ cL» ^Jl 
jjl ajj-o 31?- j JjI (William Anders) jj^>\ jLJj jj c(Borman 
Jl>_- L_jL__« c.* : :" sL-i «L__j oJ_- cJLS" _L_J .Lp j>-j jJ j___I 
LLp ,jy*>Ajj aJLj J_u j^l Laj tcJ_Jl (Jl-oJI ^ 2__J| _Jj ojL>-l 
_$jt ji (^--C_! .sJLj cJLS" L*J? .SJSJLl-l 2_J_Jl Jj JiJ t^jjl ju« 
L*. JL.LJ _£, ,1 .^jSTI Jl JLJI ^yr jJlj ^ jJl jj^ 
^sCJj .cJLS" L J -w»jf jl cJ__-_ c_x_J _JJJ c'_*>L_>l 
_J_j (j_ (jSC-l jji _jL_J cj-lS jsAJls.^ J-- 1 JLl! t j>j— Jl ^ 1 -'-*' 

Ajjy-lj C(^_vt>- aJsLjj OJLiC_wl t(jjL»- >W_) Jbti .L jiu oJ_-lj S— JLS" 

. j^iJl Jl jLJ^I Sis-j 3___L 
fjp f ljj ^--Jl ^ cLtj ojL-l jSCci (I (^l t 5-___l jSJj 
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j jS" ^ ^ aJLJLJ-I a„^all 01 .A-_>LJl j pL_.j (»">-5Jl ^jIp ^jJi 
lij Ajj_>- j tLilp ^t-jja jj ^JP Aj jjij t|J-Jl A_iLJ Ij^j 8 ji! jjj 

y. J»L"jl <_£J_« ^Jp OjOj L_T Ijjs j*j jt ^Ld! jSO: .L 
I A>w>l j ^jlJ L-jL^I AjLii-l ,j^Jj cL-L-JL) t«»t jJLJLi eLajJl 

kjJjjjn-JI JjLiiJl ^-L 8 jUjjI jlS' jjJ : 1968 <Ap J cJLf LS" 
jj_Cj jt !_j>j V c5 JUl t jJiJl J_c aJI .f jLJl Jjait ^JJu j_f (j;JJl 

^SCj J tOUI ^^JJ t j>JJl jt J» jj£-l jt tdL-JJ ljJU__. J j^>J>l aj 

. Lj oLjL^I ^ c^Jl j 4ii-.Sfl £> Ajubl Uib 
oL)L»»i-Al jJLp jLi tLLf j^iJl <J,I L >j eL__Jl ^.U y_ js- LS" j 

jJ-j jlS" L ^vft tjtst LJjJ LJSj . L i>V L >J lj\p SJIjjJlj 

^j LSlj_l jLsf ^ t<jJ->__J JjLS j^pj LL>__< ^sLll ^ 
~J&-\ jl jv»Vl (JLJl _jL__nj Ljup toliLoj-iTyi ^Lp ^ ^^j- Ll 
LjJ li t jl ^-Jl j jlJjjJl j y»_Jl Jj_L__TAiJ_>_Ll oL» jl>_JL! 

t2L^i-l _U-Ls">b>-VI jj*j tjJLJl jLjt jjapt J_-t J>- ^ J»t ^,,,^; 
LL>t blj aJ-I oli jLUl ^jp I _**_> jLJ^/1 J*4 ,^Jl 

^ oLiLi-S^l j%-*t ^Juu jt aJLL». Jl 3j jiJl sJjjJrl ol js^Jl oJL* 
L$JJb>__ SJjji-l o-l j-Vl j tSJjjJj oL'_*__Jj - o-W-Jl ^s- 
Lli c^LsisLll ^jj^ioJl tul j:. Jl _ j>- jjl j_>- Jl i__j>- ^p- Ji — 
^ju-Jl cjIjLL» j>p ^j^t _JjL .sJblji* SiJj L>«jjLj AjLi?- (^jL 
Lc.Ji I > toU-l ^sjjLT ^ L. ybUi j;jf jl ^JL>i J_T jJ-j t jvJ-Jl 

aJuJju jt t(jj y«-l ^Ja\ jP-Sf A^?r jjj Aju-o-^j tSjjjJu" SjLpI C-J? Li?- 
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^L^^-^I c-Ljapl ^jA 1L4 t-js^- J5" «JL» . SJjJj>- CjLI Jj>xl^)j 

.}US' Ua^>- iakii ^il jJl ^ t L- jjj Jl tLi 
01 ?f jJl L7LA- £j jbJl j> jju^Jl oljLL. ajju t£JUl L. 
LlSJ» _j L'LapV aJU-IjJI jj-«Vl J _p- - L^prl jJ Ajy&j^r <L^I ^glp 

^jA D j-APj LoL~>-I t jJLi AjjLS' j»_^J> ^jji L - * J - * 1 — *«.;ktl ^ 

t Lil A*Jaj J~**j (^*-^"- ■<-£ t'"^! *^~1 cjLJIjCJI aS^j^JL» tlj^rl 
oLtMpj cLlJLJI ^j-Lol jL»<jI Jup Llaj L»-j-jsj jO lj tyLu^- jol 
oLi ji^il jol Jaju J»-b auLT tLjJU; ^JI t Jl*Jl JLjJbJl 

.<»JLiJl JL* ,_/9jVl oJL* ^J-P C~ilp ^Jl iLcJsl jJ 



IJL«j 4j jS" tjL_Jl -L_»_il <_J_i!l ji 2L?-lJUo oJ-_pI J_! 

ijL—J-l jjJj» Uj^pj '(Jjj^^I '—«jIj-JI Oyjo* ^*^" 

^iJ i_. ca. ^l t4J-Jl J-«uV Sl-U- UjU LilSU ^.Ja».,^ tAijJ-l 
^liLl 4ii _Js j_J.I I J4J tiaJ-\ t j~J ,~%J\ ((_11>-Ij ^ 4-C«.„Jl)) 
c_J j~r dJJL$\-Jl £»lj^ Jj L_>-j JjU .1^15' _J__v>Jl ^"^Ij 
. jLp J (j jL>Jl _Jj J j^- Jjjll jJjcJ <_L-mJI IJJ» jy« JjI 9 J.y>T 

£jlj-« tj J-«-JJ iLji' JaJ_*-l £j jJl ^jLi jli j t Jj j tUI U y.Jj Ji! 
JolJj . jl jji-l ^ i£ cjIjUtT,.. « jp __»tJJ j to JL* _jLS"L__il 
toU jJb- «Ulai ^ji-l ^jij- ^UJaJl ^j» Lj"U-L>-l c_jU_»-L; L oi t_Ji 

^U—JJ j»->Jl Jliil £j jl jJ l:UU-Lj t ^Ji,„^ll aJJ? jji jjl J^gT,.lj 

. LLp JL__v.Li LJ 
j 4-5JL1 SjwsLp J-_»j ^ _jLJ_J! 9J1* (_-~1 tOVI t^^J 

JJl ti_JU ^Ji ^JJl j^ *L_p __£ (^jii^ -y^y. Cj* j***" 
jSoTj . aJ^ 1 ^J— *Jl ^U _Jl s-r-°. SOjJjLJI jl j~>- ^JIp £»J-j 
jU>jI L Jjj J^3_~Jl j,» J«i»«j — ' tUb? LjLLp _iijJ 01 ^JJJ 
L*-ji jL_jl ji^-LT L-Jp i_->-j-j Ji t_Jj j-» tl j-*Vl j .cjLjUwJ.1 
\_lUJ_s- jlS" U jJJi j tob'Uwj.1 jp _^JJ h Jpl j ^Jj^ Jl 
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LJjt* l^*JL>ti— J ojLc- lu -LaJ . j%p ^Jsrl (J,! 2004 (■Lc- _^j> 

i ^LJ US" "LiLijLl CjL>r_yjLi J^jyJl iw—oLj j i3jLiaj£-l ^ 

V_j caJp Le. i_JuS"I)) tA*>tdl wiaiJl ___j OjLutj jLS" ;.Uip. 

375 t>j+* (lU- ^ LJiiU ijLLtJl JU*4J *_-kaJl ^ li Lil L* 
.Loi 12 LgJUpj iLjj30 La> jJai * y^" cs»«**S V «L»» j jJL 

I (j - k« * t j _pi-*aJl ^ LjOs^ L Jj 30' S- 1 J^*i Wj' C(^IV**~j1 j-* ^jJj^ _j 

<tX» SjLl» J-L>- i-^L- 4jLW jP Ju-uiCjJ tl—is- JLpr ___i iLJjL 
a jLp- J,La-^Jl ■ Uall« 4jt . Lc—jj »Ui*.; 

I Jl ĕLJ-l |Jbr JsUl! *a i«ls J») 
___* jjLuu JyJL iL-« Ju4 io yt*-l _y LJLLp J,l L Jaj jl tsiUJi j^jp j 
p i la ■ wS c-jLS" LLrjij LiLSlj L«*_}_jj ji ^j>- c»>_>-.j_^ jJu* <-_Lij 

.u. 




3 ««^. -5jW (jMi j *'.Jj»- j3-T JiSL (jlw>> JJJk£di v 6--* ^ t/u/' 
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jjjwj J j>t.j tLjJy (_£-L?-Li iLZ j» cjLpL- (jJ^r 

jV iSjL>tJ-l cjL_> jj. ^Jaj j~« -L*J V Lprjlj t_; >>-VL> 
jj>V' OjjCj LiL>-ti .l-L»- jJb SJa-^Jl CjL j~< Jlj <»LlajJl ,j\j jj-eJl 
. ^^o-L* jl <L> jp <**i jA t jj»«~Jl ^j* ^UajJl t-L>-jJl 

ULi^l OjS^j jt ^^s. L. ^L>J JL» Jp- jJl jt t2jjj"Vl ja ll£ JS" jl 
jjj jJa*Jl ^ JliS L-L-t cJLT cJJLSsJI oLp Jjait (^Jj-I .L.Lt> 

tfrL-iVl « * jil jS. V jl Lajt _L»«ilj J-j— Jl (j-* • JJ^waJl jrtj y 

>-■:■-: LaLjji jl» ^Jl t<L«Ljl Sjl>jl*JI cjLjJI ^ ^SCit jt a^Sl Liti 
J>L>- StLUs^l i— *j Ji> i_.;.-: jt Jlj t<uls Jl jj^^aJl 

.I^LLp^I tf l.Vl 
^ jJl IJL^j Li j JLii t2006 >»Lp ^ L-L-t dJJLSLJl LLo j Lit Uj 

jV>J,l jlS" L-Luj . JjL>J.I IJla jP Jbjil jJjcJ t^JjU-l J^jjl jj, 

j^Jsj LvS" L-*j (ijL^Li i_j jj.j j j**J y Ju ji JS" jlS" V ji-iot 
JjJ-lJu Lj£ (_ a^SsJJ I » g L J^> jLLio toL>L?rT,...ll j_ >>-»--, j| jj_>. 
.^LjJI cJMpj ^jLLJI t lj>-t ^p v_LiiJJ SdJJLSCJl 2L^_^»- 
^ LJl j^JaJl (^jJl t£~Jl LwU-l i_JLW tjijb j j»r jjjSjLo" Jj* 
jVI j j-"L>- J Jl dJJLS\Jl ^jj. JL>J tJaii 2000 ^Lp 

i£ j*j taljjiSJl L>rji J-*»«J (j? JJl t jJ jli j j_<L>- j jlTjJl 
.dULSCJl l-b-L£ t lj>-Vl eJL* ^Jp oljjiSjJl Jbu L. <_jUvt 
3-Lsf jlpt IS -^LSJl iJLb j^j JL. LJ <JHl£\ jjSI ^Jij 
Ljlip t^u^JLl Ui-Jl 5iJaJl ^ -2008 J (Nature) SjtJaJl 
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~t£ y>- \JlS J y>- Sjjt ul js-ty oJL* s- 1 JJ.J vJl^5" 

iiJjLixJl LjIj J,jVl « _/<JJj .oJL~>- p-t-^j cA.,.,.jL-jj tttiJl^jJI 

^Jp jj\ ^ip 4—Jj («-^jj *l J^ tl .,iT>tJJi L5L Ijl 4ji»J? jJ 

toLJl oltus-Mil ^ Ju-bJl ^ jplJLA-l oJla OfL>-j .A.JLa.11 

t£ jj ^^J t <»UajJl CjIj JL-J^I ^j» o jS- ^y» ^yi.aJl Js- 4jt : L\^j*t j 

.(Operculum) eUaiJl :oL*> «LJaP 4>^jw? dJJL<Ji 

f UaJJI 

9 JLa 4jLt> j d-jij Lc.jj .^UajJl ol: ^Lwty 
oJl* <> jiJ t^jM^::!! JjL£ LJL*i . oLil I jjp (j* 3 :-»*^ ^ ^Jl 

3^jLa!I oJL^J OiJaJl AjiJijJl 01 . J^Lc-^l j ^jJLj SjJaill 
cJJi ji£ Ig^k»* j .^Lt-I ^jIp tlll jjb^ ^ 4SwJl oJlpL-o. 
^iJu jj t,_JJ-lj j»jJl J,l »Lil (jL»--LT .t_jJL»-j ^ij 45" ^p- ^IJL^-J-Jj 
<JiJL>«J ^j^jLJI ^ LSC o . Jl 4jjj ^JaJl oJu*> .tUajJl ^lij j*-JjLi-l ^jLp 

jt ftiL» :4^jUI Js- ^Jl ioU jJ-l cS-J Ul jj ^l ijJLL* jp 

,oJb t"j _jl jt j^iLJ-l CJ151 f I t^^^uLJl t LapSfl Ji J fl j>Jl 
Jj-**j — ,k >L. — ^JbaJaJLs . jJLaJl Jy j-4 ,jL>-ij CjIjjjCj jl Jaii j»Jjl 
tkiJJJLJ .jyjJl 4jkJ jj 4j>w> jjP L-prjU- j tjOjJl J->-l j J,l tl j^Jl 

tOL\jLi>- OUjj jt-jJiL»- LgJ JliLpjj 4SC< k ** ^a cJLJLS\J| OLi 
LL£ tj^iJLj (j*>i>'tl ^jLp j^ JSCjLj JiA^J (^kj .sUaiJl oJiii LjJxJj 

.JLoLJl (^Lp (ji^ (^jJl toLil j^i-LS' 
J jsO cJL<(^Jl t4ij ^JaJb ^JJ f UajJl OlJLii t JJu^aJ "V jt JJw 
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ic.-UJl ^-jL-CJI ^-J _JLe- 



J_oj _Jp J_jJ ^Jl C j»U_jJ1 SJb-l j yb cUaiJl .__UL_CJl L$j 
y ^Jl c4_s._..,Jl jt ^jJ 4jL_aJl o-L* j .4_C__Jl |»—~»-> ^t Jl 
jlJJLL . ,J__j_ dJJL-C-Jl .-J-T L--l__>- __lyi LjJp Lj_-t j dLj^o 

-twst c_j__xJL Jl J__»J _Jp J-o-*J (^Jl cLg-yo.^ ^UajJl j tUajJl 

4jt ^j«j l-L-j .4__Li_>- Jj_p _dJLS__JJ 
^jSCa-J oLiJ ^Jl coLil j-4-lS" L«Lf cJL__i-l _jp Jir.M « J_C__j 
i.sLuty g J*>-' J-4 ^ _$-L_-j _JL__- Sfl £r-o" .4__jLJI _ip ^^iil 
5J Jl . 4__j __iJl 0L4L Lg__9 £-__J _--___»- 4_>- jJ JJJjJ Sj-_» ^j 
_ip Lg___ij j^pi cjUI jJ-I LjjSr ^UsjVl ,j--*j ^ Sjv 
._-_AJl jt _LLl 4j_*___Jl JjJl ^ JU-I ^ l_S" -4-L_Jl ^jVl 
^jj jjf J--*j ^ j-j L«_-j ti_JJ j_- J__J ,_Jj| J_>-' t__-0 4--J-I ^ g alj 
. iij __L -J ,j^J. i- jj -->■ *>L j j-*J _-- j_- - __i-J_Jl 
__y__Cjl jt _JlS" Uajj iL_-*_JL.I ja (JjLJI -U...H ^Ji L__" 
^ Ss jj>- jil 4-J__Jl — «-rjLS" JL_ .(_; ^p-t _Lit J-^j 4-JU- cJlS" 

4.L--JL..- j 4_JaP C-JlS" — jw-JI j LpJL?-I.-J (_yJlj u,^'" J^' 
jjUil ^jj-JI l_JJ- |J-_ ._jL__-Vl (^ VjJLJ-l _^ljiVl 
jt 4_J_jJI __LL' _Jp jlS" C(_Jj-_Jl J j-kJI dJJJb j>L_LU .oLJ-lj 

i__>e-<J-l j%-PJu Sjj-_T 4_Jaj_T ^jljJl Ljj-Js j _j> lj_-5" («^t-^"' 

(_jy Lil . jiVl (_^ S jJw 4_Jip Jl t j.__jJl oli _JL__- t _'l jj-j^ ij 
_JL_J_! Jl >JLj cL>_j_- jii.lS^ur JjVl oLJL. jJl j Jjt 
jSs-i oli — S jj-S" 4_J_p ^--^ — 4-1L4-I _Jijlp Jl ol i L$_- 3-j ^-Jl 
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Eusthenoptemn (f)sh) 



Tlktaalik (flsh) 



Acanthosttga (amphlMan) 





i^jC^Jl tjujL* ^JjZ Lz*%jjJj a jyi~0 4J ( 4jJ^xll c ^ * - 

iSa^jl» jJJL^Ljl ^ <u]ojJl tJjb ^U.^jli Lo/^j i jJt^o l^Jke- Jl J j**zJ 
^j .aJIjJI cjLSL. jJlj lijL* jjl IJL- jJU*,ty ^ i Jj>Ldl <JJuJl ^J-I 

idjjyjy.J.*^] iJLsr i]L—Vl <S^-\ .oJJ JJ LuJlS' 

cJlS" L$jl jJu ^Jl J-^Uil ^ JJLe- £-« o ji-S" 2uiaP LgjjJ ^Jl 
L oVI j*J .A^wJrl ^ <J y^^l ^Ua*Jl J^» j 2ii>- 

^UajJl t-jjjj Jo y JljT .liJLJL^jJl ^ ^_iJUL7 <LLc oJj 
j-. jju^>l i^Jap ^LJL^LdLI 015" ?<j y b cJl5" liLi t^SL— Jl 

L^. jS\ 4~ ~ ju c-3 jil ^ Lu^Jj tOjjjijwiw-j^l ^ *^ jt jil ^iJUL» 

. L Ja-x jl* J^aj>t j*- 5 ^" J ^ W*l •^*s~*' j-jLS"Sfl ^ 
JJLpJI aJLL- aiL-Jl ^Ij ?oiSfl Jup JJjJl I j50 
U"*J '^LjJl A^«ji-I Ja-xj ^ iw-J jP J „^ a « Aj Ojt^j^'"".!^^ 
L 3^w«jr .^LiijLl AjL^JI Jd jl j^.4^^1 oJLi. jt t AjlyJl 
■g ls*^' ^ J' ifJ ^^ :^L* jisi S^jLJI ^gip (^Jl toLil j*^-l 
^ ?dLJL^Jl (Jjj JL>-jj liL (jSJ ji jSLtj L. 4^L> ^UaJl j 
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iS jJ ^j*r jil JjVl jJL AjjLL» iJbr i jJlst 45" j>- c?X. <J J*aill 
j*r jil dJLL" 3^Jrl ^ c5 j>-Sfl *!>>rVl . jjjO j^-jSH 
uuL. j£iS" oUL. jjL ^ii jl iJuiliU ^JL| JSCiS" ciJL— Sf! ^ 
c~vS* c2008 fLp J^i j& Ji ((jJLU-b a^.o,.J|)) ji Lc. . jLU 
JL*j ^Jl t J JaJl j t jjs^-Jl LjsL J j^- 5JLu<Vl (j-* -sJjJ 
j* Lc-j^i JtS^I Jlj-Jl cOVl ^j-^i .a^L; Lfj i_jL?L>c_JI tLip 
^.jJJrl ^J^Ij i j^Jl <- WSll LJa»j. Jjfc» t( J.LJl jl jo-Vl Jj^ 
jl .V ^ijjylal» ja AjLjt^I «?L$J il-stJ ' jiSll jj^w JLsJ jJ.1 

L.lp i_JLf LS" LLf ^jJl LgJLc J*jJ ^Jl to jjiisil jjj*__JI 
t JaJa>_J| ^ jj^ (j-. t-jSrS t JjSH e ^-JJ iSjy\ 0 jlil L$Jp ^y—-» 

OjJbJl _lLjfc Ajt ^P j .jjj^oJl j ja i_jL:,h., Jl ^ Aj ^Li (jJJl 

itU-i jIjll. ja cjI jjJcJi oJj* jjSl ojslJbj tcs oi jjiJi 

jUjl j J jj^Jl jLJ ^LiJjl .^bVl «JL* liikdl ^jLp j%J^!j (J> JJl 
3jj-jw> jiSl i_jI jk>*j jL-iJl i_Jai!l _J»LiwCi^l - t j^Lil j 
^ LLa L-j^ LJaju JU-I Le-j^J >o j-. .iJlJj Ljjlp aJp jLS" Lf 
jlSCil ajjj .2000 f Lp ^ sUjj LS" £y> Jl Ljlp- JiJ ,2L>-U( aJ* 
4_JaiJl I jJ_Jl j ap j-k. JljJ V ,j>J L.I Jii jCTcJLS' JiJ iL__Jfc.il 
s-Lul i^Aj>: jLjI ^Jp i_Js yJI jl ^i^. ^i^C.! .<»l jpi aJLJ Jou ^i^- 
jwJ jf ^-s^ dJJJJ .2000 ^Lp jJjj ^ ^^JLI Jl Ija ^jP 
.^1 j U*r ^Li-l ^yjl ^LkJl Ijla j jJl^j 



jJUUb iSU~Jl 
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ji L$j jJUL^LdJ ^sC! ^l JLLSJl J^- C^- ^ 

AijjJl) jJUbSLJl o yb- ^ jU- o JaJ ISI . ^JslaJI ^Lil Jt J~*i 
jL$jVl .LSw^AS" LJaS I ji Jss. (NV2K1 7 y* JL L—j 

jjjj ci— jLJUI j ci_jL*Jl j cjL»! AjujI^Uj jI^aJjL* JL-i*>W c_../a" 
^\J\ ^ ^j^- jj>- j^^JJl .{J^ jil Jt J^^> L~«j>- 'LJa * ^ iiJ~Jl 
c^">Ljj Lii 4i^.,.ti...J (_^JUl ci.LJl jli cciJUi • •ijL .c-iwaJl 
aJIj^/I oLW-Jl .^JlJl *Lll oULj JlJj t^JUiJ (IIp 

jt t^ilaJl ^Lil j jJu '.ij^-s^ i^*' AUaiJl jj^mJI J^-l^" 

,_JiJb>«j <• jJl ^Lili : jLu"VI LjJ caJLJ-I oJla ^ j .aS" y>«i« cjIjIS 
j*r jil jj>waJl j tC/?« AJL-< j jJ. 375 J-i <Jp jlS" Lp 1 jj£ 
.t\ Ja^- ^ j J* C~5lS" ^ jJl jy»jJl 'ji^rT 

c-JLS' lil LJ j* cSjIp LJ ^ ^Jl cc5 >-Vl aJL«Vi j 
jj^-ljj CjIjLtT, Jl tLip jl ,li jaall iiJJ-l ^ jJUL^LJl 
cJ^Liil aJl» (_£Jj>-l saII LLgJ. ,jJjCj LJ aJLJU- CjLijjws 

^jSOj .((ULiJ^rj)) 3iJj>- jA jJUL^LJl jl ^ cLjjuaj*- ^j-Jj 
Jajy ^Jl cCj">UaJl j,.^ j LiJlpUJ Lfil .cJS ^j-* JU-»^ AjjjuaII 

.J— jUI JLp JLjJ ^l oLLJ-I j cAj.jJII eJulpjJl oli JU-Sfl 
oli iJU-Vl ji Jt^ 

jl j^l i-* j«j US" .CjLjU jJl IJt>- LJIjj 3-jy 2LiU-l (JulPjJl 
A^L* a-jLS' Uajl i_* j*j j ^U^Vl j^-j cj> Jj^J' i_r^*^"' JiJJi l/ 4 ^ 

A— U (^iilpjJl ^lJ ^Jl cA^LjLI CjLUo jjl j^* Ijji^" jl ^./»TiJ .ijlJLIJL; 



291 ijC_LiJl ^I^kJI ^s- ■. 

iiu-Sri ^jU. ^ L_Ci ou- iJl* >V> ?aJ ^Ji diL" 

_L-~S" JLiU-l __U;Jl ilLwVli .cjLJUjJI iaU-I 

jyj LjJLo jj__>«-; ^jjjJ-Cjl jl ^Is- _jLJLjJJ l_l>- 4jL_« tiisj Jl 

_JJ_T —■L_*L Lg_« 5JL»LS" ^ki ;_jLU>__JI _■_* I >>-^ . j. u_LJl 
t^^-^ojjJjUlj t jjjp.j-L^i— j^IS" :^_xJl Ijjb ^ UUiiLi ^Jl 
tjdJ J_« L$__> j f -Jl _JJj j ; L^i^^j-iS^/lj tL>«_* j_LS"Sfl j 
^Jj^- (Ventastega) L*^l_uiJlj i(Gogonasus) ^/j-^Li j^-jjA-LS" 
i_jL>- jj <L y>s- tLilS' ti_jjlil L»__>- a Jjb jl . j_J-l "V ^S"JJl ^L-- 
^ A-la— j L*j> ^^JaJ LJS" 3JLJ_Jl j . ;A_J j UU Lg_* j_1 _U_£ 



s 

■l_J 



jiJLU-b *SJ~Jl 
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^ijdij ciuj^ij ccJbrtyj t cJi>Vi ^UiPj t(J -lJi j£i 

Jj COJ jjLiil AiU-l dJJL£jl C— J caIS" iJlA £aj .(J J>H\ 

\j jujIi Jl* Jijj Vj .IajL^.i ^ ^Ji coLLLJ-i ^ a.1,,,1,, ^ uU 

Jl j cJUj>J.I i_.,W«ll Jl Lo jP IJL* j .Jjc AiLtiS"! ^ ji 

. Lji <Jl j*Jl ^jIp ^o^o ,/a" tljj 
<_S_»I jJl IJL* ^Jjl L«Jl_p IJL>- L>j>- O jSu- cjJU L» jJJL j ji>- 
^io jlij Jjj Ul LL_p JiJ .^Ll ajlJ-j Jbu ^ jVl o ^jLi-l oJu&j 
oJu ^ L$i_*l jij ^UaJl iL»«/_ r SjL. jJl ^j- JJL*J cJj j&j cU j~~>rj 
. jJj^i-l . • <l a.Utl ^ iJLii» oLLjW j%p LijjL>-j o jjiwaJl SjcLJI 
. Lfr.*.j cLjajl jj^waII oJL* ^ ^g*__>«__Jl ^jjLJl oLLis jLiAj 

j» Js- JLa LaLJjJ ^Jl jjjJl j c-b^l j c^- j£nJI JS" Jj? 
— ^jUs j_a_£ LS* jl — Lc.j >OjSfl jj^waJl ^glp ' ( ^J flJ * L_xJj ,,jC_Jl 

JS" £*j .IJL£nj*j cLaJUj 3,0 JiJJLSCjj c2,0 JiJJL^J" cJLt-S^ 
L_»L«f JjJj cSjTJli iii— V oL;L>-l <jL..t>.-iC) coJjJj>- ^L*__~J, (JsLLiS'1 
,-U.sJl 2j»i4 oJlaj .aSj jLSl oJuJL>- 3tJL\J ^ JJ oLJo^ 



dil>b _-C_-Jl iUv.l J j V» J-*-Jl 

j_>1 4j*jI_> ^ Ji-"g - ^ *i jjLt!l j iaJ jV' j-L_dl L_uL>- c. : « J_Ll 
o _"_»-:. ...II 4jLi_C_-'VI oL__Jl j j>JL>-'..,-i j_Ji .c-jL_C!I £_-sl ji 
: J_Jl tLsr jJ j^rl j tL3-Vl ^ 4_-_Jj 4-iiLi aL_j jS" 
Mike Novacek's Dinosaurs of the Flaming Cliffs (New York: 
Anchor, 1997). 

Andrew Knoll's Life on a Young Planet (Princeton: Princeton 
University Press, 2002). 

John Long's Swimming in Stone (Melbourne: Freemantle Press, 
2006). 

i_j_--»jJJ 't^J--' J^"--' lV. & 

^ L_pjj' ^ oJL>_».-il (3 J-Jl Lj-i Lc. — Lg-iiLI ^Jl 44ijLlil J J_Jl 

4jU_L>- 

.4j_-^IS\JI oLjLi_J-4jl-Jl 4_i_Jj t4-j*>_Jl 4.i.;.,fi:\\ 4Pj__>J>l SjLp^--» 

:Ljjlp 4>_l ^la-ij jL_* c-iL-nJI IJLa 
Henry Gee's In Search of Deep Time (New York: Free Press, 
1999). 

:J bJ_4 oU jL-JJ j_L__« aJ-Jrl oLi-L»il jj. 
Richard Forey et al., «The Lungrish, the Coelacanth and the Cow 
Revisited,» in H.-P. Schultze and L. Trueb, eds., Origin of the 
Higher Groups of Tetrapods (Ithaca, N.Y: Cornell University 
Press, 1991). 

o-f 4((oUlj_>-l 4_j__>- L_Ajj"))j l£jj-~~Vi _L>_-Jl Jy. 43-^*11 



oLU-b *SL_Jl 
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:L$_* 3-^ oJL_j i4..J..il Jl j jVl ^ -uuJl ^ L$__JLu 

• Benton, M. J., and Hitchin, R. (1997) Congruence between 
phylogenetic and stratigraphic data in the history of life, 
Proceedings ofthe Royal Society ofLondon, B 264:885-890. 

• Norell, M. A., and Novacek, M. J. (1992) Congruence between 
superpositional and phylogenetic pattems: Comparing cladistic 
pattems with fossil records, Cladistics 8:319-337. 

• Wagner, P. J., and Sidor, C. (2000) Age rank/clade rank 
metrics— sampling, taxonomy, and the meaning of «stratigraphic 
consistency,» Systematic Biology 49:463-479. 

<L__L« ii j^a yt cAj 0- j>: j_l oL?1j>t-,..1| j j jj^waJl oLLJs _ j*S- — 

:o_S" si^Lij 4jL<>j>- 

• Richard Fortey's Life: A Natural History ofthe First Four Billion 
Years ofhife on Earth (New York: Knopf, 1998). 

;4jjLLiJl oL?Ls-t.,,J.I j_L__> ^j* - 

• R. Carroll, Vertebrate Paleontology andEvolution (San Francisco: 
W. H. Freeman, 1987). 

• M. J. Benton, Vertebrate Paleontology (London: Blackwell, 
2004). 

IJL» j J~-iVl o_5Jlj cLpLiJj fl__Sfl oLpLj Jj-_>V y.JL - 
jL^il iJm j^ Jl ^ _jLjJI J j^j. 0\ £jl <uV ^_Jl y> JLLJ^I 

• Carl Zimmer, At the Water's Edge (New York: Free Press, 1998). 

• Jenny Clack, Gaining Ground (Bloomington: Indiana University 
Press, 2002). 

Jj^l ^ja ^-LJl j o j_J oLJ-5-LJI Juaj" ^Jl t<LL_>Vl Lil jjl — 

^-Ijilj c<L^J_Jl *Jj4 ^ c2006 

• Daeschler et al. (2006) A Devonian tetrapod-like fish and the origin 
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"u»U_l _jU jij t,*-rl j-«j t_J— _-*>_ 



of the tetrapod body plan, Nature 757:757-763. 
Shubin et al. (2006) The pectoral fin of Tiktaalik roseae and the 
origin of the tetrapod limb, Nature 757:764-771 . 
Jenny Clack and Per Ahlberg had a very readable and comprehensi ve 
commentary piece in the same issue (Nature 757:747-749). 
(^_-_r j_" ._^L__I IJL» e.l_j ^js- t^..— j*\ y» \;../>\j:.j\jCj JS" 
tbj jl .4-___ _J_> iprj 4_i_Tl j tL_>-l_ jL-J*.! ti_jLS\Jl iJt» 4 : « ...7 
yS fi\ : jVI IJL* L$j (< .-;> ^l tl^.-ai o j_JIj ( , j_T i_jL_sJI dJJi 
f L-_rVI J -JU-Vlj t jL_J>'l -o _Jj_ij. y-JJl t£j.j_Jl JLp 
Lp»jjlj (j^—c- tj><j -Jj-iJ LjJ_" tU»- 6 ^! j,L» tLjlj __Tj .L*>_-lj 
.Ijb j» ^JjLdl ji-\ c.j?r _JL* jj-C \ o ; ,.i t_» j*-i _^L_4 

ij_i Jp J j__J-i ^l_l J___)i 

J_c __-v cjjJi t J jVi _^-~i t Ji__-_i JSo y-l ^.ji j<C (I 

J*>- JJ_ .£j,L_»Vl — OjJu— Jl £_ jjl J_c-~ _r.~~ 1— — 1~ fl Jb-I jJl -_o____Jt 
____ c; yLsr j t j__- ^LJl o J (Vicq-d'Azyr) y.j^ y*- _JLi 
j> ly>r J__Jl _!!•> tl8l2 flp J (Geoffroy St. Hilaire) y; j*>La 

_JJ_ j_r j_J . J jVi jij-JJ aj. jjjjL. j* ^ji jj:. l. ji ./JuJJ ^ja, 

i_.. : : ." j_" J-iJ .(jJ-l-l |, : o ^j*&ju t^ t j»-J— J J Lj>L__» I « : Ja:" 

^ V-, J-" J ^ -■ J-i 'lSj^ 

LL-iJl flJ_i -J_J .^L_>-Vl __j-_ _---->- ^-1 t(((jjj5_Jl Oylji)) 

: J __JaJ J-_iu 

T. Appel, 77!e Cuvier-Geoffroy Debate: French Biology in the 
Decades Before Darwin (New York: Oxford University Press, 
1987) 

E. S . Russell, Form and Function: A Contribution to the History of 

Morphology (Chicago: University qf Chicago Press, 1982). 

^ j_ J y>~ — jL»jU.« II oJb-lj _ j_J 4__£ J_y tfljj j""— > "• — — i-— r " 



_J__-b iSwJl 
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:J>\ >Sri ^ ^Sri 

• Brian K. Hall, ed., Fins into Limbs: Evolution, Development, and 
Transformation (Chicago: University of Chicago Press, 2007). 
J,,/»i:| _jl j t_j_lpJl JliiVI _jL__C__V -JLiil ^l _J.I ^ - 

I^jo ,^|T> j— *^ 

• Shubin et al. (2006) The pectoral fin of Tiktaalik roseae and the 
origin of the tetrapod limb, Nature 757:764—771 

• Coates, M. I., Jeffery, J. E., and Ruta, M. (2002) Fins to limbs: 
what the fossils say, Evolution and Development 4:390^12. 

iXA\ OUJ-I cUlill J____)( 

oL-rl _J>I y JUJ-Jl J-j-S- Ji t_J»l >Vl ^ j-J (^jjk-l *Ls>-Vl J>p - 
: >_l ^^L-MSCJl _ r oSU **>-l J-* _>J_^__>JJ.;gjVl c3ljjVlj 

• Shubin, N., and Alberch, P. (1986) A morphogenetic approach to 
the origin and basic organization of the tetrapod limb, Evolutionary 
Biology 20:319-387 

• Hinchliffe , J . R . , and Griffiths , P. , «The Pre-chondrogenic Patterns in 
Tetrapod Limb Develoment and Their Phylogenetic Significance,» 
in B. Goodwin, N. Holder, and C. Wylie, eds., Development and 
Evolution (Cambridge, Eng.: Cambridge University Press, 1983), 
pp. 99-121. 

L. J__it Jom_ _JJJJ (.'iS^jyS ___»«-_»' <-VI («j.;>lj j jj j-_ jL- _jj-4 - 
.^jjJaJl *L#-Vl J>p ^ •v- l j J _l _-__sJl jj) jVI ol } jt j_-_c <J jL_T 

• S. Gilbert, Developmental Biology, 8th ed. (Sunderland, Mass.: 
Sinauer Associates, 2006) 

• L. Wolpert, J. Smith, T. Jessell, F. Lawrence, E. Robertson, and 
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iJLil oW Jtj t/»^rl yj toUi>-">L« 



E. Meyerowitz, Principles of Development (Oxford, Eng.: Oxford 
University Press, 2006). 

JjJl£ j JjL^-l JjLiJl Jo^ jjJ ^JuaJ S-Jj^ Sijj J ji ^jIp J j-jasJJ — 

: >l >Vl Jai 

• Riddle, R., Johnson, R. L., Laufer, E., Tabin, C. (1993) Sonic 
hedgehog mediates the polarizing activity of the ZPA, Cell 
75:1401-1416. 

^kiiil J>jH<j iJL— Vl u-iiLcj j iiJJ~\ oljLiyi JL^ (^JJlj J*js - 

• Dahn, R., Davis, M., Pappano, W., Shubin, N. (2007) Sonic 
hedgehog function in chondrichthyan nns and the evolution of 
appendage patterning, Nature 445:3 11-314. 

jjkL. y JiVl u-il >Vl SLiJ J j^ ol joUl ^ aJLJI JU*Sfl - 

• Davis, M., Dahn, R.,and Shubin, N. (2007) A limb autopodial-like 
pattem of Hox expression in a basal actinopterygian rish, Nature 
447:473-476. 

oJ OL-J^I j £-U-jJl j toLJJl j>; ^ aUjll a^JLI A^-iJl 4*-jt - 

:^ LjiiiL. 

• Shubin, N., Tabin, C, Carroll, S. (1997) Fossils, genes, and the 
evolution of animal limbs, Nature 388:639-648. 

• Erwin, D. and Davidson, E. H. (2003) The last common bilaterian 
ancestor, Development 129:3021-3032. 

(JISC* JT j OL-,^ £>l > J^ill 

j oU--l*il y JjJjJl j iaw?l j oLjJjJl j jL^Vl ~ 

J jSfl J>— Jl pjji ^ tlJjJbi L.U Ijj^ ^^1 V _S' jdl . JU-I 

SjiiSC oUsrl ^ iJL* .oLJiJJ 
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• Z. Kielan-Jaworowska,R. L. Cifelli, and Z. Luo, Mammals jrom the 
Age of Dinosaurs (New York: Columbia University Press, 2004); 
and J. A. Lillegraven, Z. Kielan-Jaworowska, and W. Clemens, 
eds., Mesoioic Mammals: The First Two-Thirds of Mammalian 
History (Berkeley: University of California Press, 1979), p. 3 1 1 . 

:J i^y* jujji oLui) JJ>Ji 

• Jenkins , F. A . , Jr. , Crompton , A . W. , Do wns , W. R . ( 1 983) Mesozoic 
mammals from Arizona: New evidence on mammalian evolution, 
Science 222:1233-1235. 

'.J ij jw9 y» LJ jS\-x L» y J L*LiJj>-_j ^s}\ tOjj-UL^jlj^Jl 

' Shubin, N., Crompton, A. W., Sues, H.-D., and Olsen, P. (1991) 
New fossil evidence on the sister-group of mammals and early 
Mesozoic faunal distributions, Science 251:1063-1065. 
i3ujjt«JL.| _j i^Ua*Jl _j cjL^^l J yJ\ J y Ai-bLl oLiorl _^l ^ 
ijjljlj^s- <tJl Jws jjl £ t_$JL!l td-j-U-l tj-iJl ^L»- jSLioj 

: (_s* cJj^jjjSOl 

• Donoghue, P, and Sansom I. (2002) Origin and early evolution 
of vertebrate skeletonization, Microscopy Research and Technique 
59:352-372. 

• i _ - _ - *i j cJ jj j5\Jl aJjJlJI l1jL»*)UJLI aJI jjl cjLotI _^.l ^ 
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mutation into the Paracoccus denitriticans COX 1 gene explains 
functional deficits in a patient, Neurogenetics 7:5 1-57. 

3_Jj oU jJjc tSJ jj-Cj^l oU jjll j £jl jil ^jA jJp 

.j^So. JSLij Lji-bi 

• http://www.ucmp.berkeley.edu/ 

— LJjjjLJLS' 3jl*L>- oLiL>«__J.I _j_»*_« JJ y '-L* £_■! 

otfL>«__lL SiJjull _-j j^j^l ^J-p jjL__I Jjail Jj>-I j I-l*j j_> 

.^»;,.! JS\-_ j 4IpL_g OjLcjj 4jjjj£ ^»_jj .jjjajlj 

S • http://www.scienceblogs.com/loom/ 

^ v_j j_>L» t j__Jl J y>- ^jiLiij oL jJL" j J_a * l j£ m j JjLS" Sjj-U «JL» 

. jLSoVL t^L. j oJj£ j t JLar J^-i^ 
■ http://www.scienceblogs.com/pharyngula/ 
iajjvdJI ijjjil oJL» ___\j t4jjjiaill tL^-ty ^ jJp i— t jjjL» . j .v_j 

jJ-__i IJL» .SJjj^-j L$Jl J j^a jJl ^j^JyJ toLt jJjiiL ^jLill jjjj ^Jl 
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i^iU^J olel jij t^r' yj toUij-">t» 



> http://www.scienceblogs.com 

oli.LyJtj oL. ^LcJJ hu\A\ j^i-J ^Jl iUji c5 >Sfl oUj-dl 
^iJLJi ^ ^L^Jl tJub ^jj» y. iJLadt oLijjdl .Ai_bl-I oLiLiiT^ 
9 ,Afarensis, Tetrapod Zoology, Evolving Thoughts j <> < h'' ^ijil 

Gene Expression 

■ http://www.tolweb.org/tree/ 
V»-- j oLi-L*-. <»JuL c(The Tree of Life Project) oLJ-l o ^jj^ 
.t.gv..r- M - ' obJL^Jt oLp_^j< 0y oli^JJ Ljjj L^jO^- ^ 
(JL«zU jjLa^. JLp UsjI tj^ j# £y jLe UCMP S^-iuaS" 



^jjJLS" 3— JVI y t jS*i L* IJ-P tL$j»-«j>- 4~>*^' jJl f j-* 1 ^! 
Ms. Kalliopi Monoyios) (www.kalliopimonoyios.) {J ~sy„yy 
,jy-o>o ^Jj J,j t^->L£Jl j~~« J ^LS" cJ\ ji t(com 

Lt> jJaj£ C-^S" -A-i! . Ljajl LjiUaJ ^Jl t^ j-w Jil C-a <w? Lclj tt— ,>.->ti 

O J^W ^^Jj .lw~*l jil <j-« jt-^Jl kiiij 4jwJ ^jA>rJit £A J-oJljL; Li>- 

^c.(Arcadia University) LoLS' jl 4**L>- ^ (Scott Rawlins) jJj j 
fJij .jUl J-^iJl ^ j jijj j j-JJ (^il jJl «jj j-^u" <>IJv>«i-iV t ji^l 
aj j-^s tL>«— j U LiJ:>">Li ^ A^jtJaJl *> jJUJl 4^j:j151 J-i»i~u:> JJ 

^jj» 0 jjj-5 i— . ■Ij.di j-NJLJL 4->- jjI 4ft .h»ll liJJb-Cjl 2ij«J SjUjj 
U I n g -> -l « . . J ijw— J 4j«-«L>- (jj» (jLjjy .iJjLj t Jj-U-U jj 4jv«L>- 

j jji- iJL» 55"jvjj tcJ jj jj jiCJl OL--I 3i jjLaI Lo-a^j j-^aJ <»lJj>ci-*L; 
^jp juaJI 3-U-j 4j Liljj JUl t^-->L_CJl Jis-i f»l-i>c^L ^L-JLS <■. J-j* 
c (JOj.j jJ '(j-LSJl jiJl oUjJ jp£ ^ LLw.LS' . J-UL-CJl 

S -J^y^ *Lkpl jj-<aj 

j jPjO jjJJI (j-L^U t^jjiJl 2Jj ^ jjjoJl jjSl 

JjUl SjjUl CjljJkl (j-ai . JjUI tVj-* (j^-o^i (^j^- »f g <L-J>-L; 

t JJ jj«-io tjv>J.I ^ aJLj jL» oLpLJ (ju jLi-Ljj .(^Aji>- wL-j>- 



1. 
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. LSsj? I 4jj>tSl\ oJL* j-» jjJL*S>j jjJLIl tij^PjyJLL A>i_^9lj aI+ou 
.<_jLS\J1 lij» _J_uJ Ja»-i C--S' U;.; AjL' 4j___!l cii-J <_-> JLiJ 
^j aj y>rl c--S" JUl tC->«Jl ^j» JlJU^Lu La LjpJii ^Jl t jLSCity 
<ol ^ji»- lJL>- j jjj-S - i_j">Uail j fr>U^Jl .L^-jjl C--S' ^Jl t<_ * j-uall 
t JjVl ^*>Li-l -JL*. Jj - La ^a/. ^Jp l^J 

«JLjj _Ja-J,l ^SsiJl ^ IjjJ 1j_1 JLs - LjLJl CjL-IjJJI --J*>L_>j ti_JaJl 

.CjL*jL__J1 

J-j . jU-Jl (^J-^ j« cJL-P jjJJl tt*>L«jJ ljj>- j^J? ^lil 
' j-Jjt JjL t jj--Jj- Jj ^i .jl tj-Ss-^ .1 ^jiojlij t J-£-~-j_ 
Cy> \t.y>r I jjLT ^ gwjo^i i-jL-J iJL_J j t jjjta j j~-L>- t JljLJ f LJLj 
dJJ- cJJL^V ±£\ (I t ^U-ity *V>* j j a . La U _jJ ^JI t^„^Sll 
^L-^I _j- cf^i c/\ 1 j t L^ ^L-_J ^JI t cjI jJ-1 j j>Jl 
t jj*l- JlJJlj - jP_k-_i a*j>L>- (j jc£- tUapt .t-jjjJl aLJs I jjiT 
t jij^S l)L.^i ^S" t ^ -JL y r jjJjl t jy-Jl f»_l t ( j.- i i.a.p ^j-jSjL» 

'<^ 'jT*' ^* 1 C S*:*"^ - j^ji^ (^s^tH J ',_ri JiJ^J* i^.J^ 
.t_-_Sl C-_T L>-_J J-o-Jl aJjLW j^P (^JUj 1 jJ-^-j 
•9 oL__*-*>L« jt Ajjjjsi iuiJL*- jjjJ Sf ij-Sj I j^Ji (jjJLII tn*>LijJl 

+J 

,g t^j-J j5" J^J_Lij tJjjL^ j^j tUljL*t :-__ tt-jLSsJl IJL* ^JLp 
y 'tr^rT JJ-^J 'JP-jP ^J '<_r^ Lr^J 1 *-? 'Lr* 1 - 5 J" |JJ, JJ 

j-J 

'§ ' L / , j'j lj .J-°' L * l/^J^J "-^J^ ^'j^lj '-^'yr cT^^J 
"^^ cTi^J ' ! JiiJ L .^ Jt^-^J 'a - JJ LJl5 ' l^J 'J* ^yjjj 
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OjLisi^j jLLj j>-j (^.jt^j '(j^^j^j^* ijW^J 

c/j 'U"JJ ' ' j4 x * Jl, J "-^J 

jjjuJl jjj jjl J -j^ij ^y* 7 3 'un^ ' jij^ 
J-«jv»j jjlijL* £-»Ljj £Lr>~' l/ ^* - j^-* ^ -^j 1 - 5 ^ jj^ 1 
^>r tj^Ssij^ ^jiojLi tL^r jJ jjcSCJIj «u>w<aJl ^ jLdJ ^ j >*z * » jJLiL-L» 

.A^^jjjJ^p^ jtS^ ^ b liii (^JJ jLi Ji^j^* iijjjji Jj i jT 
j> tUr cdjL^- f tfrtylj jjcJ.1 J$i— • ^ : V-c S j J ' 1 £jLai!l 
Q, : al;j) L«Ldl C-jiLj 3-_n^ C~«Ji JjiJ .jJ«.J JjLSj 'JjJ^S" Ui-" 
C., ; - » - tlJj>r *Ljjjv a Jl ^J-I j-* JjJaJIj 'L>»J j» VjJ-« ((J-"—* J-ijL*L« 

SJiC j-.ty JLCjjIS^I ^ h....; jJi j .v_jLSCJ| ^ I jj-S' Ljsr 
SjLS" J-«-Sl c-iS" Ljllp <>- j>- c-jLS" ajLj j ^jjuisj tjJjj ^ 

.v_jL<JI 

<j ^^^JaJl jS"jll ^ — (^JLijJ jj-L* —I jbL. ^j-^r j j-TjJl ^*4j 
IjL- iLujlj t JyajJl ti^JaJl jjjJuJJ ^jmJ Ji\ i JLi j i jpLSC-i ajc«L>- 

A-iS" ^J t4j j~Ll ^ jJjJl Oci ^ O j J^ d l ^J>JJ j J— ~-« JJ jJjjLnj 

i_ j_»— il t(_g J : a . ; j jjJ-«) jl ^>r t jjjLSC» jj»r j c jS^ji jj ^ i^JaJl 
cJLS' JJiJ .o^ljj jLS" (^jJl cC-^l j ^ jj-Jl IJL* l_p_ '((^J- 1 
cjyilsL-il obli!l tVj* J~« cJl-P jl J 4~_uJL ^LiJL»- obL«_- 

(^jj jjS\j jij jpLSCji OuL> ^ (j-jjl jl Lt j__£ C-S" JJiJ 
J j* t(jy J-mo-hJI . _j~L_» jS^ji; jj j i_JaJl aJS" o jli ^u* JpLLdJ 2L*s yiJl 
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^« ./? o j5^»J 6__jLiL>-t.,,- - jlLsu tL>___j L_j>- j t j_T jjj LlJLa j t(_> ji_>_- 
A-*_-tj- oIjJj>_tJI jJit c->«-s<ft Ug-« JplirJl J^L>- . L_gJL ji 

<__-;>- t ji-LSN^i ^ i_<yL->-' 0->«-~_U i_>.,...T,ti jl l-L>- (jj^ wLiJ 
I j_- jS' jjjjl t^Ls^i^l ĕjt^ 4 APj__4 ^ J_>*J! A~_>ji J C->«jt 
p*>-«jJl cr* (i^lj '<_r<~-- ;i ^L^*^ 

t<___»jjS' ^-^3 'Jo - *' "^i** 1 .? tjLijO '—^UJ^J t-Jj-Cj.L; *^~rf'j*^l 
t^j-T,*- j5\_v j_ t jjj jA _4j t j jJ-J* L._ J h.« j t Jjl jp (jJ'-' J 

_jL__l ^jp jipl Lo-T . __-jIj JLpJ '(Jijji^L* Ul**'J ' jJ 1 ---- I j jJj 

*> jJjJl A_i- 8jL» ^ A_-iJj (^JJl t£^-_-_Jl j jLi j^l j -_e-jJJ 6 j___.i»Jl 
• ^j- j tjJ_-__sJt ^j^t '(^LlJ-I _J_>_tJ.I ^ *L_/_"I (j-~Lsf ^ 

. jj ^A-^ 

s jSsi Jiy- ^ J L^"JpL_J. 60 j__ JU LS-lJLS' iJ^S I -L>- u- 4 * Lit 
6 jLu^L; yuit .aJLjJI sJL*. J>U- -»___Jl jCJJuJ j t __->>j. Jl ^ jj-JJ 
Ijjjw L>«j j_ J ^Ji JJJ .iSjj^ t jAl ^j-* £-• c.I»p (^jjV 
.^ji j_» ^L>«jI ^ (_jJpL__J Ijjws L _ J j_ - .t.tJIj <___» jJl j ^.,(-};ll 
^ ia____ ^ji-j LS ---*- : V J_x_-l> ^jj-JJ 1 J_- ^ jL_jilj ^jLS^j ^L_- 

dJjl ji Jl_ ^Ji J .SJ^J-I AjIjI_____I J t J___JJ SJ»T,-U 4jjj j>»_J| A-juj 

L . sJj-_>- ij jJ^J. A___«Jl sJlgj jjSvi_lJ i^jjA>- ^LjJ^I jJH oU-lj-il 

aJs jP a_o jl? o__-_»- j tSjj j£- j ,j--Jl ^'■i; JL-j LrJl j>- c—*Li 

* * « 

Jj jij t(j- jy. jS"j tOL-jJLi (jJ]." IJj>- ,j_f Lil . Jj>- ^j-ail Jl 
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. J-JaJl ^jJl J j-UJ *-»J^> JLiJl (^JUjii £-Lj^1 
tjLilstj tJjL^ J^-iw» (^s^jj CU-iLp .iJbt (JjjJl oJb-lj 

sjjj - <_jL£JI IJLa j jiJL^LiJl - ^iJU-Jl ^ tUU j JUIjU 
ti_j_xJl IJL* k>«— J JS" ^J^- jJLjj t j£> J:'»g» cJ—' . ( juLl5' 

Litj Lf^i5 ^l j-—Vl AjLjJ JJaP 2jJi> JjJl ^jP ^.Lp d~^:>j 
.Lolj lJu*> {j* L L_a Lj^?-j U jy^j jl 
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